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The synthesis, structure and physical properties of several novel mu].tinuclear 
cobalt complexes of substituted 2-pyridones are reported. 
Reaction of cobalt(II) salts and the anion of 6-chloro-2-pyridone results in 
the formation of a trinuclear structure which has been characterised by X-ray 
crystallography and contains a linear array of the three metals. 
With the 6-methyl derivative of 2-pyridone, two compounds were isolated, a 
heterobimetallic polymer of cobalt and sodium in which the metal centres are bridged 
by chelating pyridone ligands and a mononuclear complex containing two chelating 
ligands. Both have been characterised by X-ray crystallography. A range of similar 
complexes are synthesised of formula Co(xhp)2L2, xhp = mhp, clip, flip and hp and 
L2 = 2,2'-bipyridyl, 4,4'-dimethyl-2,2'-bipyridyl or 1,10-phenanthroline. The synthesis 
of a dinuclear complex of 6-bromo-2-pyridone is reported and characterised by X-
ray crystallography. Magnetic studies on this compound show an antiferromagnetic 
coupling between the two metals at low temperature. 
The physical properties of these compounds have been studied and the results 
are discussed. The studies include, NMR spectroscopy, electrochemistry and 
magnetic measurements. 
The synthesis and structure of a novel two-dimensional polymer containing 
cobalt and sodium bridged by acetate ligands is reported along with the attempted 
syntheses of mixed metal complexes containing cobalt and a lanthanoid from 
trinuclear cobalt complexes. 
Detailed descriptions of all structurally characterised compounds are given 
with regard to the metal environments, arrangements of ligands and packing motifs. 
Comparisons of these new structures with known copper complexes are made. 
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Abbreviations Used 
R Alkyl group 
Me Methyl, CH3 
Et Ethyl, CH3CH2 
Ph Phenyl, C6H5 
Ac Acyl, CH3CO 
X General substituent or ligand 







phen 1,1 0-Phenanthroline 
hp Anion of 2-pyridone 
chp Anion of 6-chloro-2-pyridone 
mhp Anion of 6-methyl-2-pyridone 
bhp Anion of 6-bromo-2-pyridone 
fhp Anion of 6-fluoro-2-pyridone 
php Anion of 6- (diphenylphosphino)-2-pyridone 
xhp Anion of general pyridone 
NMR Nuclear Magnetic Resonance 
UV/Vis Ultra-VioletlVisible 
JR Infra-Red 
Chemical Shift, ppm 
V Stretching Frequency, cm 
A 	Angstrom, 10 0m 
DMSO 	Dimethylsuiphoxide, CH3-S(0)-CH3 
DMF 	NN'-Dimethylformamide, HCON(CH3)2 
TBA 	Tetrabutylammonium, (C4H9)4N 
Fe Ferrocene, Fe(C5H5)2 
EPR Electron Paramagnetic Resonance 
NA Avagadro's Number, mold 
ne" 	B Bohr Magneton 
g Zeeman Term 
J Coupling Constant, cm -1 
A 	 Hyperfine Coupling Constant, MHz 
k 	 Boltzmann Constant, J K 
T 	 Absolute Temperature, K 
Molar Extinction Coefficient, M 4 cm- 
Magnetic Susceptibility 
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1.1 	Magnetic Materials And Molecular Magnets 
Magnetic interactions between like and unlike metals have become an area of 
intensive research over recent years. However, previously the majority of this research 
was carried out in the field of solid state physics and material science in which metal-
metal interactions were studied in the confines of a lattice and led to the discovery of the 
orthoferrites the spinels, M 11FeO4 and the gamets 1 , M3Fe2(SiO4)3, where M is a 
rare-earth metal and was used to modulate the magnetic properties of the material due to 
their anisotropic nature. There was comparatively little interest from chemistry. 
This work gradually opened up to embrace the lanthanoids and the properties 
arising from transition metal-lanthanoid interactions led to applications in several fields 
of science and technology, e.g., hi-tech magnets 5 such as Sm5Co and Nd2Fe14B, 
memory storage devices, ('bubble' memories) 6-7 and in high temperature 
superconductors 8-9  of the 1-2-3 YBa2Cu3O7 perovskite phases 10, where the yttrium 
can be replaced by a lanthanoid without appreciably altering the superconducting 
properties of the material. 
The mechanism of the exchange interactions that transpire between a transition 
metal and a lanthanoid has been debated at great length in conjunction with the 
interactions occurring in the spinels and garnets. Although a great deal of work was 
accomplished in understanding the nature of the magnetic interaction there was little or 
no attempt to correlate the magnetic behaviour to electronic and physical structure. The 
problem arises in performing such a correlation on these intrinsically complex systems 
which contain an almost infinite array of interacting spin centres within the lattice. It is 
also difficult to accurately establish the co-ordination geometries of the metals in a mixed 
metal oxide thus hindering assignment of any inter-metallic relationships. 
15 
It would therefore be desirable to overcome these problems of complexity by 
synthesising a simple system which contains relatively few metal ions, thus reducing the 
number of magnetic interactions and consequently simplifying interpretation of the 
magnetic studies. Recently some work has appeared concerning the design and synthesis 
of these so-called molecular magnets. Initially restricted to the study of like d-block 
metals 12 and molecular charge transfer complexes involving a metal and an organic 
radical 13-14, the work has gradually expanded to encompass dissimilar metals from all 
sections of the periodic table 
In such a molecular model the co-ordination environments and inter-nuclear 
relationships can be elucidated relatively easily by single crystal X-ray diffraction 
analysis, and magnetic exchange between metal centres can be measured by various 
magnetometry techniques. The magnetic behaviour can then be correlated against the 
structural information obtained at a molecular level gaining a more accurate insight into 
the nature of interactions between d and  metals and ultimately a better understanding 
of the macroscopic properties of the material concerned, for example understanding the 
mechanism of conduction within superconductors which still remains largely a mystery. 
With a greater knowledge of the magnetic behaviour of these molecules it should be 
eventually possible to predict the magnetic properties of almost any species and tailor 
this knowledge to the synthesis of molecular magnets and magnetic materials with 
specific characteristics. 
1.2 Mixed-Metal Complexes of Transition Metals and the Lanthanoids 
Despite the potential benefits of studying transition metal/lanthanoid mixed metal 
complexes there exists very few examples in the literature and only a few of these have 
been structurally or magnetically analysed. Of the work that has been accomplished the 
most common transition metal used is copper and the first cited example was published 
16 
in 1975 by Condorelli et al. 15  in which a copper complex of a Schiff base incorporated a 
lanthanoid salt. 
The first structurally characterised complex did not appear until ten years after 
the work published by Condorelli when Trombe 16 and colleagues reported a series of 
nickel(H) and lanthanoid complexes of dithiooxalato with general formula 
Ln2(H20)Ni3(S2C202)6, where n = 10 for Ln = Y, La, Ce, Nd, Sm, Eu, Gd and Dy 
and n = 12 for Ln = Er and Yb. Shortly after this Gatteschi 17 reported two mixed 
copper(H)/gadolinium(III) complexes of the Schiff base ligands hapen, N,N'-
ethylenebis(hydroxyacetophenenimine) and salen, N,N'-ethylenebis(salicyladimjne). He 
reported the crystal structure and studied the temperature dependence of the magnetic 
susceptibility of both species down to 1.2K. It was concluded that a ferromagnetic 
coupling occurred between the gadolinium and copper centres and an antiferromagnetic 
coupling between the copper atoms. 
Following this more mixed copper(H)/gadolinium(M) complexes appeared using 
a variety of ligands other than Schiff bases including squaric acid 18 , 
propylenebis(oxamato) 1921 and 2-pyridone22. The last five years has seen a sharp 
increase in the number of copperflanthanoid complexes particularly using 2-pyridone, 
Hhp, and its derivatives as the bridging ligand. The first examples of this were 
Ln2Cu4(hp)8(Hhp)4(OH)2(NO3)4(H20)4, where Ln = Gd and Dy 25 . Changes in the 
reaction conditions led to the isolation of new copper-pyridone complexes as precursors 
to the mixed metal compounds. The accumulation of these synthetic routes has led to a 
number of copperflanthanoid complexes, listed in Table 1.2.1. 
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Table 1.2.1: Mixed Metal Complexes of Copper and Lanthanoids 
Compounda Cu:Ln ratio Ref. 
Cu2Yb2(chp)4(OMe)2(NO')4 (MeOH)4 1 26 
LaCu2(chp)(Hchp)2(NO)2 1 27 
[La4Cu4(hp)R(Hhp)X (OH)4(NO')2(ClO4)7(MeO)2] [C104]2 1 23 
[LaCu 1  2(Hmhp) 1(OH)24(NO)77 (H20)6] [NO]1 1.5 28 
Ln2Cu4(hp)(Hhp)4(OH)2(NO)4 (H20)9, Ln = Gd, Dy 2 25 
[Gd7Cu4(hp) (Hhp)4C14(H20)4]C12 2 23 
Cu'La(chp)(NO)(EtOH) 3 27 
CuLa(chp) (NO)'(MeO)(MeOH)' 3 27 
CuLn(chp)7(Hchp)(OH)(NO), Ln = Gd, Dy, Er 4 29 
CuY70(hp) I 2Cl2(N01)4(H70)2 4 24 
CuNd707(hp) I2Cl2(MeO)4(H20)2 4 24 
a: See list of abbreviations for ligands 
The complexes can be divided into five distinct groups depending upon their 
Cu:Ln ratio. The three complexes of ratio 1:1 of copper/lanthanum and copper/ 
ytterbium all have different arrangements of their metal centres. The ytterbium 
complex26 shown in Figure 1.2.1, contains a central Cu2(chp)4(OMe)2 unit which 
bridges across two Yb(NO3)2(MeOH)2 moieties with the nitrogen of the chp ligand 
binding to the copper and the exocyclic oxygen binding to the ytterbium atoms. 
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Figure 1.2.1: Structure of Cu2Yb2(chp)4(OMe)2(NO3)4 (MeOH)4 
The second complex 27 of metal stoichiometry Cu2La2, shown in Figure 1.2.2, 
contains eight chp ligands and the lanthanums are this time at the centre of the molecule 
bridged by two 92-oxygens from the pyridone ligands. The third complex 23 is more 
complicated having a Cu4La4 core in which the lanthanums form a plane bridged by 
oxygens separating two pairs of copper atoms. 
Complexes of metal stoichiometry Cu4Ln2, Ln = Gd, Dy 25 are basically 
isostructural, with the six metals arranged as a distorted octahedron, the four coppers in 
a plane and the lanthanoids above and below, in the apical positions. The copper atoms 
all have a square pyramidal geometry, with the square base being made up of a cis- array 
of two nitrogéns and two oxygens from pyridones. The apical site is taken up by either a 
chloride, nitrate or water molecule depending upon the lanthanoid. Each lanthanoid is 
either eight or nine co-ordinate with the specific co-ordination sphere being different for 
each structure. 
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Figure 1.2.2: Structure of La2Cu2(chp)8(Hchp)2(NO3)2 
The remarkable complex with a 3:2 copper:lanthanoid ratio has a metal core of 
stoichiometry Cu12La8(OH)24 28. The core, shown in Figure 1.2.3, is enveloped by a 
complex array of oxygen bound ligands, i.e., Hmhp, NO3 and H20. 
The lanthanums are arranged as to make up the corners of a cube with one 
copper at each of the centres of the edges joining the lanthanums. The twenty-four 
hydroxides are all 93- bridging two copper and one lanthanum. The Hmhp ligand has no 
great part in determining the overall structure and is found only terminally bound to the 
lanthanums. 
A number of complexes exist where the copper:lanthanoid ratio is 3:129  and can 
be divided into two classes. The first features the Cu3Ln arrangement, (Ln = La, Ce), 
bridged by five chp ligands and the second, (Ln = Gd, Dy, Er, La), bridged by eight 
ligands. A complex with a Cu3Mg core is also known, formed from the reaction between 
Cu6(mhp) 12  and magnesium nitrate and contains six bridging chp ligands30. 
Figure 1.2.3: Arrangement of Metals In The La8Cu12 Complex 
Finally, two complexes of metal stoichiometry Cu8Ln2 have been reported, (Ln 
= Nd, Y) 24 . They contain a central Cu4Ln2 moiety similar to the octahedra of the 
complexes described above. The example where Ln = Y is shown in Figure 1.2.4. 
In these octahedra the two apical lanthanoids and two copper atoms are joined 
by two J.4-oxygen atoms. All edges of the octahedron are bridged by 112-  oxygens from 
pyridone ligands which in turn are bound to the four remaining copper atoms via the ring 
nitrogen, with two copper atoms on either side of the octahedral Cu4Ln2 motif. 
Few physical studies have as yet been documented for these complexes. 
Magnetic data has been reported for Gd2Cu4, Cu4La4 and Cu8Nd2 and it appears that 
ferromagnetic coupling occurs between copper and gadolinium, agreeing with the 
studies of Schiff base complexes of these two metals. In all complexes isotropic 
antiferromagnetic coupling exists between the copper atoms. The Cu8Nd2 complex 
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demonstrated a most unusual magnetic behaviour which could not be theoretically 
modelled. This is most probably due to the anisotropic nature of the neodymium ion. 
Figure 1.2.4: Structure of Cu8 Y202(hp)1 2a2(No3)4(H2o)2 
In Conclusion, there appears to be a diverse chemistry in mixed copper/lanta1 
complexes with several re-occurring structural motifs dependent upon the initial reaction 
conditions. Collecting magnetic data on the existing compounds is underway and 
interpretation of these and new compounds using the wide range of available pyridone 
ligands puts virtually no limit upon the number of possibilities for copper/lanthanoid 
complexes. 
It should also be possible to extend the range of complexes by expanding to 
other d-block elements other than copper, particularly those of the first row. This has the 
advantage of building a more general picture of d-b1ockJf-block chemistry and a wider 
range of complexes to study the magnetic interactions between the metal centres. 
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1.3 Transition Metal Complexes of 2-Pyridone and its Derivatives 
The use of the anions of substituted 2-pyridone ligands in the synthesis of the 
mixed copper/lanthanoid species is chosen to accommodate the supposition that the two 
donor atoms, an exocyclic oxygen atom and aromatic nitrogen, are organised to co-
ordinate both a transition metal and a lanthanoid. The rationale being that an oxophiic 
lanthanoid ion would bind to the exocydic oxygen and the 'softer' copper can bind to the 
ring nitrogen. Such a co-ordination mode would hold both metals in close proximity to 
one another and along with delocalisation of the it-system in the pyridone mg would 
result in a degree of magnetic interaction between the metal centres. 
Substituted pyndone ligands are extremely versatile and the co-ordination 
complexes with transition metals have been extensively studied, although there is distinct 
lack of structural information from the first row, excluding copper and chromium, (see 
Sections 1.3.3 and 1.3.8), for which several compounds are known. A multitude of 
complexes exist the second and third rows from molybdenum and tungsten through to 
platinum and palladium. 
Not only is pyridone flexible in the range of nuclei with which it will ligate but 
also the variety of bonding modes the ligand can adopt. They can be potentially 
tetranucleating, with the oxygen binding to three metals and the nitrogen to one other. 
Although this mode has never been seen, examples of trinucleating pyridones are well 
documented. 
1.3.1 Tautomerism In 2-Pyridones 
The neutral 2-pyridones exist in two tautomeric forms, namely the enol and keto 
conformations, illustrated in Figure 1.3.1. This particular example of heterocyclic 
tautomerism has been known for over eighty years3 132  and has been intensively studied 
by most physical techniques on several occasions. 
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It was demonstrated that in the gas phase the difference between the two 
tautomers of 2-pyridone was only 3.4kJ/mo1 33 , with the enol form the more stable. In 
solution the position of the tautomeric equilibrium is dependent on solvent polarity, with 
polar solvents favouring the keto form while in non-polar solvents both forms could 
exist. In the solid state the keto form predominates, but dimerisation is a significant 
factor. 
XNO 	XNOH 
keto 	 enol 
Figure 1.3.1: Tautomerism In 2-Pyridones 
The position of the tautomeric equilibrium is also dependent on any substituents 
on the aromatic ring and studies have shown the strongest influence comes from the 6-
position. The presence of an electronegative substituent particularly fluoro-, chioro- or 
methoxy appears to favour the enol form as the electron-withdrawing nature of the 
group decreases the basicity of the nitrogen relative to that of the oxygen and the enol 
form thus predominates. Most other derivatives seem to favour the keto form. 
The deprotonated ligands also exist in tautomeric form but less research has been 
carried out upon them. The equilibrium between the two forms, which can be directed by 
the substituents is of potential importance in the co-ordination chemistry of these 
ligands. However, several examples of similar complexes exist with different derivatives, 
i.e., M2xhp4, M = Cr, Mo, W and Rh and xhp = chp and mhp 3536 . 
It might also be expected that the 'softer' second and third row transition metals 
may prefer to bind solely to the ring nitrogen altering the position of the tautomeric 
equilibrium. This effect can be seen in the fact that Hhp binds to first row metal by the 
exocyclic oxygen and to platinum via the ring nitrogen. 
1.3.2 Complexes of Groups 3, 4 and S 
Only one compound of the first three groups of transition metals has been 
structurally characterised 34. This complex, [V202C14(Hmhp)3], shown in Fig. 1.3.2, has 
the two vanadium atoms separated by 3.175(1)A bridged by the three pyridones through 
the exocyclic oxygen only as the nitrogens are protonated. The ligands are arranged so 
two are asymmetrically bridging with long and short V-O contacts to the pyridine 
oxygens and the third symmetrically bridging. 
Figure 1.3.2: Crystal Structure of [V202C14(Hmhp)3] 
1.3.3 The Chromium Triad 
The first reported 2-pyridone complexes of Group 6 were the dimers of the 
methyl ligand of formula M2(mhp)4, M = Cr, Mo and W, where the four ligands bridge 
across a metal-metal bond 35. The metals are bonded to two oxygens and two nitrogens 
from the ligands and are arranged so that the nitrogens are trans- to each other and the 
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oxygens are thus also trans- giving the molecule D2d  symmetry. The structure of a 
typical example is shown in Figure 1.3.3. 
Figure 1.3.3: Crystal Structure of Cr2(mhp)4 
Their inherent thermal and chemical stability relative to other metal-metal 
bonded compounds and the existence of isostructural complexes of the three metals from 
one group led to a very thorough examination of their chemical and physical properties 
in particular to ascertain the nature of the metal-metal bond. 
A number of other analogous dimeric complexes are known including 
M2(chp)436  and M2(flip)4.THF37  for all three metals and more recently M0(php)4 38 . 
Synthesis of these types of complex is achieved by ligand exchange, usually with the 
acetate salts, which are also dimeric and the sodium or lithium salts 3536 of the pyridone, 
i.e., 
4 Na(mhp) + M2(OAc)4.2H20 -p M2(mhp)4.H20 +4 NaOAc + H20 
It is also possible to synthesise such compounds from the metal hexacarbonyl, 
M(CO)6, (M = Cr, Mo and W) and protonated ligand refluxing in diglyme 3536 
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The chromium complexes are fairly susceptible to oxidative hydrolysis. 
Cr2(mhp)4 when exposed to small amounts of water will form Cr4(OH)4(mhp)8 39 and 
prolonged exposure leads to the formation of chromium(ffl)oxide. The structure, shown 
in Figure 1.3.4, consists of a central Cr404 cube with four mhp ligands bridging two 
chromium atoms on four faces of the cube while the other four ligands bridge Cr-0 
edges on two opposite faces. The Cr-Cr distances are increased to 2.901(1)A nearly I  
longer than in Cr2(mhp)4. Magnetic studies show that the chromiums are 
antiferromagnetically coupled. 
Figure 1.3.4: Crystal Structure of Cr4(OH)4(mhp)8 
Heterometallic dimers, MM'(mhp)4, of this triad are known. MoW(mhp)4 can 
be prepared by refluxing both carbonyls as described above 40 and CrMo(mhp)4 by 
reaction of CrMo(OAc)4 and Na(mhp) 41 . There is no report of CrW(mhp)4. 
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1.3.4 The Manganese Triad 
As with the majority of first transition metals there exists very little work on 2-
pyridone complexes of manganese and the only reported complex 42 is the mononuclear 
Mn(Hmhp)4(NO3)2, in which the Hmhp ligands bind terminally through their oxygens 
only and the bound nitrates are arranged trans- to each other. 
The situation is very similar with technetium, as the only structurally 
characterised compound is the mixed valence polymer [Tc2(hp)4Cl] 43 . The chlorides 
occupy the axial positions and bridge between the dimers. The dimer has D4h symmetry 
which requires the ligands to be completely disordered along the polymer chain, 
illustrated in Figure 1.3.5. 
Figure 1.3.5: Crystal Structure of [Tc2(hp)4Cl] 
A wider range of rhenium complexes of 2-pyridone are known, which include a 
series of dirhenium(ffl, ifi) complexes and several mononuclear structures of 
rhenium(IV) and rhenium(V). 
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The dimers are readily obtained by substitution of other ligands from compounds 
such as Re2(OAc)4C12 and [tBu4N]2[Re2C18] by xhp 4446. The extent of substitution is 
dependent upon the initial reaction conditions. For example, reaction of Re2(OAc)4X2, 
X = Cl or Br, with Hhp or Hmhp in THIF gives [Re2(xhp)2X4(Hxhp). The axial Hxhp 
ligand can easily be displaced by heterocyclic bases such as 4-methylpyridine. In 
acetonitrile, propionitrile or acetone the fully substituted Re2(hp)4X2 species are 
formed, but for mhp a mixed bridged species is formed, Re2X3(mhp)2(02CR), R = Me, 
Et44 . The bridging carboxylate is believed to originate from solvent hydrolysis. 
The Re2(hp)4C12 species were originally synthesised from [Re208] 2 either in 
reaction in molten Hhp 45 or in refluxing n-pentan-1-01 46. Similar reaction of [Re2CI8] 2 
with molten Hchp affords the doubly bridged species Re2(chp)3C13, the structure of 
which is depicted in Figure 1.3.6. The third chp is chelating 47 . 
Figure 1.3.6: Crystal Structure Of Re2(chp)3C13 
In the quadruply bridged species, Re2(hp)4C12 45 , the hp ligands are arranged so 
that the two nitrogens and two oxygens are cis- about the metal as opposed to trans- in 
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the D2d  isomer M2(mhp)4, M = Cr, Mo and W 35 , making the rhenium complex the C2h 
isomer. The Re-Re distance is 2.206A, 0.03A shorter than in the analogous carboxylate, 
a result also observed in the isoelectronic M02 4+ species. 
Those complexes containing only two bridging ligands have the xhp ligands 
arranged 'head-to-head', so the ring substituents all point in the same direction, allowing 
bonding of a ligand in the axial position. 
As mentioned, some mononuclear complexes of rhenium exist, including 
ReH(xhp)2(PPh3)2 48, containing chelating xhp ligands, characterised by NMR. 
ReH(xhp)2(PPh3)2 can be protonated by HPF6 to give the trans- isomer of 
ReH2(xhp)2(PPh3)2, xhp = mhp and the cis- isomer for xhp = hp49. Crystallisation of 
[ReH(mhp)2(PPh3)2] [PF6] afforded green crystals which X-ray analysis revealed them 
to be [ReO(mhp)2(PPh3)] [PP6] 49 . 
1.3.5 The Iron Triad 
The vast majority of work on the Group 8 pyridones is dominated by dimeric 
complexes of the heavier elements ruthenium and osmium. The only reported structures 
of iron are [Fe(Hxhp)6] [NO3]3, xhp = hp 50 and mhp51 . Fe(3-OHhp)3 has been 
reported52 but not structurally characterised. 
The familiar dimeric structure was first reported for 0s2(hp)4C12 5354, shown in 
Figure 1.3.7 and having approximate D2d  symmetry with the two chloride ligands in 
axial positions. All 2-pyndone complexes of osmium contain at least one axial ligand. 
Even in the complex of the bulky ligand chp the chioro- substituents are arranged with 
all four at one end of the molecule, allowing one chloride in at the axial position 55 . 
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Figure 1.3.7: Crystal Structure Of Os2(hp)4C12 
The first ruthenium complex was the dimer Ru2(mhp)4 56 , isostructural with the 
analogous complexes of Group 6, made with the substitution of the dimeric acetate 
precursor, Ru2(OAc)4C1. The yield was extremely low at 8% and the recent availability 
of the pure acetate, Ru2(OAc)4 57, has led to improved syntheses of Ru2(mhp)4 and 
other species which do not contain axial chloride, such as Ru2(bhp)4, Ru2(chp)4 58 and 
Ru2(fhp)4.THF59 . 
Three isomers are known to exist for the quadruply bridged species. The first is 
the D2d  isomer present in Ru2(mhp)4 56, Ru2(bhp)458 and 0s2(hp)4C1253 where both 
the nitrogens and both the oxygens of the four pyridones are trans-. The fhp complexes 
are all C4v,  as are 0s2(chp)4C1 55 and Ru2(chp)4C160, with four the nitrogens at one 
metal and the four oxygens at the other. This causes a great deal of steric crowding from 
the chloro- substituents and implies a great driving force for axial co-ordination. This is 
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also shown by the three ligands which are arranged head-to-head in Ru2(chp)3(OAc)Cl 
to allow axial co-ordination of the chloride 61 
The final isomeric form is a 3:1 arrangement of ligands, i.e., three ligands 
arranged head-to-head and the fourth head-to-tail relative to the others. Again this allow 
axial co-ordination but by a 92-oxygen from pyridone leading to the formation of a 
dimer of dimers, shown in Figure 1.3.8 for [Ru2(chp)4]2 58 
Figure 1.3.8: Crystal Structure of [Ru2(chp)4}2 
Four other complexes that have been structurally characterised are known for 
ruthenium, three mononuclear and one mononuclear. The mononuclear complexes 
contain chelating xhp ligands namely trans-Ru(mhp)2(PPh3) 62, Ru(C6H6)(hp)C1 63 and 
Ru(pCH3(C6H4)CH(CH3)2(hp)Cl 64 . Strangely the Ru-N bonds are shorter than the 
Ru-O bonds in these structures contrary to the bond lengths in the dimeric complexes. 
The trinuclear complex of formula [Ru3(92-hp)(CO)10] contains one 
binucleating hp ligand and is synthesised from the reaction of Ru3(CO) 12  or [Ru3(I-
H)(CO)1 i]  and K(hp) 65 . The structure is shown in Figure 1.3.9. 
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Figure 1.3.9: Crystal Structure of [Ru3(92-hp)(CO)101 
1.3.6 The Cobalt Triad 
Again work in this triad is dominated by the heavier elements rhodium and 
iridium. The little work that has been reported on cobalt is examined in Section 2.1. 
The first of fourteen so far reported structures of rhodium(H) was the quadruply 
bridged complex Rh2(mhp)4 67, isostructural with the complexes of Cr, Mo, W and 
Ru. The metal-metal distance in this and the other thirteen structures is consistently 
longer than the metal-metal distances of early transition metal dimers, averaging 
2.359(1)A, cf. 1.879(1)A for Cr and 2.067(1)A for Mo. 
The rhodium dimers seem to prefer a 3:1 co-ordination of the pyridones, as 
opposed to the D2d symmetry, allowing the co-ordination of one axial ligand, e.g., 
2(p)4.MN68, im2chp4.imidazole.3H2068, and in the case where there is no 
independent donor group the axial ligation occurs by an oxygen from a pyridone 
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becoming t2- bridging, binding to one metal in the normal manner and another in the 
role of axial ligand, as in [Rh2(mhp)3(OTs)]2 69 cf. [Ru2(chp)4]2. 
In the mixed acetate-pyridone complexes the pyridones are orientated head-to-
head, as in [Rh2(mhp)2(OAc)2(imid)], maximising the interaction between the 6-
substituents of the pyridone rings. 
As well as the reported work on rhodium(II), there exists substantial studies 
upon the rhodium(I) and iridium(I) complexes of 2-pyridones. Approximately ten years 
C ry 	 1.. \1 ago in 1985, the structure 01 IIrLL'Lrru1p,J2 was documented70 and is shown in Pia  
1.3.10. 
Figure 1.3.10: Crystal Structure of [Ir(COD)(mhp)]2 
Several related reports subsequently followed 7 	Complexes of this type are 
synthesised by reaction of [1r(.t-Cl)(COD)12 with Na(xhp) in THF or C11202 70-71 . The 
analogous rhodium complexes can be synthesised from the bis-00D 76 complex or from 
the mononuclear complex [Rh(COD)(CH3CN)][BF4] 70 . 
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The three structures of these [M(diolefin)(xhp)]2 complexes that have been 
reported are all similar in which the square-planar metal centres are bridged by two 
pyridones so that the metal co-ordination sphere consists of an 1 4-diolefin, the nitrogen 
from one pyridone and the oxygen from the other. The distances between the metals can 
be quite long, up to 3.3671(1)A in [Rh(COD)(mhp)}270, depending upon the actual 
diolefin present, with the distance varying according to steric interactions between the 
two diolefins. 
For both iridium and rhodium complexes exist in which the diolefin ligands are 
replaced by carbon monoxide to give IM(CO)2(hp)12.  The complex where M= Rh has 
been structurally characterised 73, shown in Figure 1.3.11 and illustrates that the metals 
retain their square planar arrangement of donor atoms, but the two hp ligands are now 
orientated head-to-head, compared to head-to-tail in the diolefin complexes. This gives 
each rhodium a different co-ordination sphere. 
Figure 1.3.11: Crystal Structure of [Rh(CO)2(hp)12  
[Rh(CO)2(hp)12 in polar solvents is known to form the tetranuclear complex 
1Rh4(hp)4(p.-CO)2(CO)4)] 77, shown in Figure 1.3.12, as it slowly loses CO. The 
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rhodium atoms are arranged in a parallelogram and each Rh-Rh edge is bridged by a hp 
and two edges are also bridged by CO giving two short Rh-Rh contacts at 2.6197(8)A 
and two longer contacts at 3.0325(7)A. The reaction is reversible as addition of CO will 
convert the Rh4 complex back to the original Rh2. 
Figure 1.3.12: Crystal Structure of [Rh4(hp)4(9-CO)2(CO)4)] 
1.3.7 The Nickel Triad 
Several nickel(H) complexes are known and have been structurally characterised. 
These include the cyclic dodecanuclear complex Ni1 2(OAc) 1  2(chp) 12(THF)6(H20)6. 
'fl4f'78, shown in Figure 1.3.13. 
The molecule lies on a crystallographic 3 axis with all the nickel atoms bonded 
to six oxygen donors in a distorted octahedral geometry; three from bridging acetate 
ligands, two from the exocyclic oxygen of chp ligand and either a water or a THF 
molecule. Also known are several trinuclear complexes of general formula Ni3(4-chp)4-
(RCOO)2(R'OH)6, where R = Me or Ph and R'= Me or Et 78. The structure of the 
complex where R = Me and R'= Et is shown in Figure 1.3.14. 
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Figure 1.3.13: Crystal Structure of Ni12(OAc)12(chp)12(THF)6(H20)6 
L) 
Figure 1.3.14: Crystal Structure of Ni3(p-chp)4(OAc)2(MeOH)6 
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Very few complexes exist at all of platinum and palladium that contain the 
M2(xhp)4 moiety. The majority of work consists of dmuclear complexes bridged by only 
two pyridones. Of the complexes with four bridging ligands, five structures are known, 
three for Pd2(chp)4 79 with different solvates and two different solvates of Pd2(mhp)4 79 
80 Both isomers D2d  and  C2h  are known, although for the three structures of 
Pd2(chp)4 only the D2d  isomer is found. In one determination of Pd2(mhp)4, the 
compound contained five molecules in the as mmetric unit with four having D2d 
symmetry and the fifth having approximate C2h  symmetry. 
Pd2(mhp)4 is isostructural with Rh2(mhp)4 and the Pd-Pd distance is 2.546(l)A, 
0.1 87A longer than the Rh-Rh bond in the analogous complex. There is expected to be 
no formal bond between the two palladium atoms because of the electronic structure, 
42s*2*4*2 
The complexes bridged by only two ligands are being studied for two reasons. 
The first is to extend the study of metal-metal bonding, undertaken by Cotton and 
colleagues8183 and the second uses the pyridones as model ligands for pyrimidine 
nucleobases such as uracil and thymine being led by Lippard 8488, using Pt(IT) and 
Pt (III). 
The structural work of Cotton is based around tetramethyl complexes of 
platinum(ffl), of stoichiometry [Pt2Me4(xhp)2(py)], where xhp = hp, flip, chp, mhp and 
bhp and n = 1 or 2, formed by reaction of Pt2Me4(SEt2)2 with the silver salt of the 
required 1igand 8183 . The ligand transfer results in the oxidation of Pt(II) to Pt(HI) and 
silver is reduced to colloidal metal. The SEt2 groups are then easily displaced by 
addition of pyridine. All the structures of this type feature M2 units bridged by the two 
xhp units arranged cis- at the metals. There are then two possible isomers for this 
arrangement, either head-to-head, in which both exocydic oxygens from xhp are bound 
to one metal and both xhp mtrogens to the other or the head-to-tail, where both metals 
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whereas there is no net metal-met 
/ 
L7 
are bound to one oxygen and one nitrogen from the two xhp ligands. The factors which 
decide the conformation appear finely balanced. Steric factors suggest the head-to-head 
isomer is formed if only one axial ligand is attached. Pyridones with smaller substituents 
in the 6-position, i.e., hp and flip, allow the co-ordination of two axial ligands in the 
head-to-tail isomer. This is demonstrated in the head-to-tail isomer [Pt2Me4(flip)2(py)7] 
where one of the axial pyridines can be removed, causing a rearrangement to the head-
to-head isomer of [Pt2Me4(fhp)2(py)] 83 . Both these structures are illustrated in Figure 
1.3.15. 
The platinum(H) and platinum(III) complexes studied by Lippard et al. are of 
general formula [Pt2A2(hp)2] n [NO3]2n , n = 1 or 2, and [Pt2A2(hp)2XX], A = 
(NH3)2 or en, X or X'= Cl, Br, NO3,NO2,1120 in axial positions. The platinum(M) 
complexes contain a metal-metal bond as the electronic configuration is a 2ir422ir' 4, 
Figure 1.3.15: Crystal Structures of [Pt2Me4(thp)2(py)2] & [Pt',Me4(fhp)2(py)] 
Consequently the Pt-Pt distances are shorter in the platinum(M) compounds. 
For example, in complexes of the type [Pt2(NH3)4(hp)2)O('] 2 , the Pt-Pt contact 
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averages at 2.563A and is longer in [Pt2(NH3)4(hp)2] 2+ at an average of 2.898A. The 
shortening of the Pt-Pt bond appears to correlate with the it-donating ability of the axial 
ligands X and X. If X = H20 and X = NO3 - , the bond length is 2.540A, while for X = 
X'= Br, the bond lengthens to 2.582A. All the tetramethyl Pt(1111) complexes fall within 
this range, suggesting there is minimal influence on the bond length from either the 
methyl or ammonia ligands. The only Pt(Ill) complex with a longer Pt-Pt at 2.638A is 
[Pt2(en)2(hp)2(NO2)(NO3)] 2 . This increased bond length is most likely due to steric 
repulsion between the two diaminoethane ligands on the two platinum atoms. In the 
Pt(III) complexes [PtMe4(xhp)(py)], the Pt-Pt distance is little affected by the nature 
of either xhp or the number of axial pyridine ligands. 
Similarly to the dirhodium(ll,ll) complexes, dimensation is sometimes preferable 
to axial co-ordination. This process is reported only for head-to-head complexes 
containing ammonia and 1,2-diaminoethane, [Pt2A2(hp)2X2], A = (NH3)2 or en, X = 
Cl, Br, NO3 or NO2 84, 86, 88 The stability of these dimers of dimers originates from the 
hydrogen bonding between the exocyclic oxygen of the 2-pyridone ligand from one 
dimer to the amine ligand in the other. The axial site of each platinum is occupied by 
another platinum from the adjacent dimer as opposed to a pyridone oxygen in the 
dirhodium dimer complexes. This gives an intermolecular Pt-Pt distance of less than 
3.3A. 
Several monomeric complexes are known and three have been structurally 
characterised 89 . These are namely the platinum(II) complexes [Pt(NH3)2(Hhp)2]C112 and 
cis- [Pt(NH3)2(Hhp)Cl] [NO3] and the platinum(IV) complex mer- [Pt(NH3)2(hp)C13]. 
The pyridones are bound to the metal via the ring nitrogen whether the ring is 
protonated or not This is a highly unusual bonding mode for Hhp which is normally 
found bonded through the exocylic oxygen. 
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1.3.8 The Copper Triad 
In contrast to previous triads more work has concentrated on the first row metal, 
copper, than on the heavier elements silver and gold. Several copper-pyndone complexes 
and one gold complex are known and have been structurally characterised. No structures 
have been reported for silver. 
Copper complexes of 2-pyridones show a diversity of structure unlike that of any 
other metal and include dimeric, tetranuclear, hexanuclear, heptanuclear and octanuclear 
structures. The first complex of copper was the mononuclear [Cu(Hhp)61[Cl0a1', 90 , 
containing six Hhp ligands all bonded through the oxygen and shows the expected 
tetragonal elongation from octahedral symmetry. Several other complexes of copper and 
the protonated ligand are known, including those in which two pyridone ligands are 
bound via the exocycic oxygen to the axial sites of dimeric copper carboxylates 9192 , 
i.e., [Cu2(OAc)4(Hhp)2] 92. The structure of [Cu2(Hhp)4C14] is known 93 with two 
copper atoms bridged by two .t-oxygens from the pyridones seperating the coppers by 
3.4448(1 1)A. The co-ordination spheres of the copper atoms are completed by two 
chlorides and one oxygen from a terminally bound pyridone. 
The dimers were first reported in 1972 using the ligand derivatives 3-ethyl-, 3-
methyl- and 4-methyl- and hp. The resulting complexes were highly insoluble 
compounds of formula Cu2(xhp)4(sol)2, sol = DMF 95 or DMS096, with the solvent 
molecules in the axial positions. Complexes are also known with xhp = 3-chp, 5-chp, 3-
bhp, 3-NO2hp, 5-NO2hp and 3-Ethp 97. The two copper atoms are found to be 
antiferromagnetically coupled with a singlet ground state and triplet excited state. 
The complex Cu2(hp)(C10H14N203) has been reported 98 with each copper 
square planar bound to the central oxygen of the pentadentate ligand, two other donors 
from this ligand and either the nitrogen or the oxygen from the pyndone. The structure is 
shown in Figure 1.3.16. 
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Figure 1.3.16: Crystal Structure of Cu2(hp)(C10H14NO3) 
The complex Cu2(chp)4 was reported in 1992 26 and its structure shown below in 
Figure 1.3.17. The presence of the chioro- substituents on the pyridone ligands prevents 
any axial co-ordination, leading to a short Cu-Cu distance of 2.4989(11 )A compared to 
2.550(1)A in Cu2(3-Ethp)4(DMF) 94. 
All the copper dimers are intensely coloured with Cu2(chp)4 a very dark red and 
the solvent adducts dark green. The dimer Cu2(bhp)4 is also known 99 and is a dark 
red/brown colour in solution. 
The dimer Cu2(chp)4 was prepared by the reaction of copper(ll)nitrate with 
K(chp) in the solid state and recrystallised from CH2a7IEt2O. Similar reaction of mhp 
as the potassium salt gave the hexanuclear complex [Cu6(mhp)12Na][N031 28  with the 
structure of the cation illustrated in Figure 1.3.18. 
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Figure 1.3.17: Crystal Structure of Cu2(chp)4 
The sodium originates as an impurity from the KOH, used to make K(mhp). In 
this complex the six coppers are all four co-ordinate bonded to two nitrogens and two 
oxygens from four pyridones. Three coppers are arranged so that like donors are trans-
and three arranged with like donors cis-. The six oxygens from the cis- arrangements 
form a hexadentate cavity in which the sodium ion is found, making the compound a 
metallocrown, a structural analogue of a crown ether. 
Reaction of the hexanuclear complex with lead nitrate leads to the formation of 
the heptanuclear complex [Cu7(rnhp)12][Pb(NO3)41 100 . The Cu7 cation is almost 
identical to the Cu6Na cation, except the seventh copper has replaced the sodium ion. 
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Figure 1.3.18: Crystal Structure of the [Cu6(mhp) 1  2Na] cation 
Cu2(chp)4 is soluble in most chlorinated solvents, but in co-ordinating solvents 
the deep red colour changes to green and EPR spectroscopy suggests the presence of a 
mononuclear species. From a Me0HJCH2C12 solution purple crystals of a tetranuclear 
complex of formula Cu4(OMe)4(chp)4 were grown 101 . The structure, Figure 1.3.19 
shows the coppers are arranged as a parallelogram with alternate sides bridged by two 
methoxides or two pyridones. 
Figure 1.3.19: Crystal Structure of Cu4(OMe)4(chp)4 
EJV 
The Cu-Cu distances are 2.966(1)'A for methoxide bridged sides and 2.811 (1)A 
for the pyridone bridged copper atoms. All coppers are four co-ordinate, close to square 
planar and co-ordinated to two 92-oxygens from MeO and a nitrogen and oxygen from 
two chp ligands. 
Two other copper complexes of chp are known1 02,  synthesised from either 
Cu2(chp)4 or copper salts. Reaction of Cu2(chp)4 with 2,2'-bipy affords 
Cu2(chp)4(2,2'-bipy), in which the two metal centres are bridged by t2-oxygens only 
from two unprotonated chp ligands. The coppers are each five-co-ordinate and also 
bound to a 2,2'-bipy and a terminally bound unprotonated chp ligand through the 
oxygen. This structure is depicted in Figure 1.3.20. 
Figure 1.3.20: Crystal Structure Of [Cu(chp)2(2,2'-bipy)}2 
Cu2(chp)4 also reacts with copper(II)acetate to form an octanuclear structure of 
formula ECu802(OAc)4(chp)81 101 , containing the first example of an oxo-centred edge 
sharing bitetrahedron of copper atoms bordered by two Cu(chp)4 units shown in Figure 
1.3.21. 
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Figure 1.3.21: Crystal Structure of [Cu802(OAc)4(chp)8] 
In contrast to the dinuclear structure of Cu2(chp)4(2,2'-bipy)2, the monomer is 
known but with the mhp ligand 102 . In this complex, Cu(2,2'-bipy)(mhp)2, the mhp 
ligands are bidentate but the Cu-0 contacts, arranged trans-, are elongated, caused by 
Jahn-Teller distortion, to 2.569(9)A compared to the four shorter Cu-N contacts of 
average distance 1.999(11 )A. The CuN4 atoms are twisted out of plane to form a 
compressed tetrahedron instead of the square plane expected in regular octahedral 
geometry. 
Reaction of Cu2(chp)4 with 1 ,2-ethanediol leads to the formation of a polymer 
of stoichiometry [Cu3(chp)4(OCH2CH20H)] 101 with two distinct copper sites, a 
section of which can be seen in Figure 1.3.22. 
W. 
Figure 1.3.22: Section of the Polymer [Cu3(chp)4(OCH2CH20H)} 
The above complexes all have the copper in the +11 oxidation state, but a single 
complex of copper(I) exists 103 formed by the reaction of copper(I)trifluoroacetate and 
Na(mhp) in EtOH, giving the complex [Cu(mhp)]4, the crystal structure of which is 
shown in Figure 1.3.23 and consists of a puckered square of copper atoms each edge 
bridged by one mhp ligand and each copper bound to one nitrogen and one oxygen with 
an almost linear arrangement at Ca. 1700 .  Cu-Cu distances average 2.678(22)A, 
representing weak Cu(I)-Cu(I) interactions. 
Figure 1.3.23: Crystal Structure Of [Cu(mhp)4] 
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Silver salts of hp, bhp, clip, fhp and mhp can be precipitated by reaction of silver 
nitrate and the sodium salt of the ligand in water80' 82•  No further characterisation has 
been reported which is surprising given the unusual structure of the copper(I) 
complex103 . The salts are usually used as a source of ligand in the formation of other 
metal complexes. 
Several related gold complexes of 2-pyridone are known of formula 
Au(PPh3)(xhp), xhp = 5-chp, 3-NO2hp, mhp and Au(PR3)(hp) for R = Ph, tB u, 
cyclohexyl and 1-naphthyl 14. The impetus of this work was to try and isolate C-
metallated pyridones but all complexes find the gold bound to the pyridones through the 
nitrogen only, indicating the presence of the keto tautomer. This is not totally 
unexpected as gold tends to favour N-donors to 0-donors. 
1.4 Conclusions 
The above describes a rich and diverse chemistry of the transition metal 
complexes of substituted 2-pyridones and demonstrating a wide variety of structural 
types accumulated over the last 20 or so years. Despite this wealth of knowledge a great 
deal of work is still left to be carried out in this area, in particular the complexes of the 
first row, where the structural chemistry is dominated by complexes of chromium and 
copper. This seems an anomaly given the number of multinuclear complexes of 
manganese and iron with other 1,3-bridging ligands, e.g., acetate. The difficulty seems to 
be the susceptibility of the complexes to hydrolysis and should not be impossible to 
overcome. 
Some work has only appeared over the last 5 years, for example, the presence of 
pyridones on rhodium and ruthenium carbonyl clusters and the use of pyridones to join 
photoactive centres are both only recent developments. 
Complexes of the type M2(xhp)4 have contributed to a greater understanding of 
metal-metal bonding, allowing examination of the variation in bond length not only 
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across the 4d period but also within a triad. The number of reported compounds of M = 
Mo, Ru, Rh and Pd has demonstrated the variety of metal-metal bond orders possible 
from zero in Pd and four in Mo and has been correlated to the bond length. 
The use of ligands has been quite restricted, usually confined to mainly mhp, chp 
and hp. The distinct reactivity of fhp compared to other ligands indicates that other 
structural types may be possible by use of the more uncommon ligands. 
The aim of the work described herein is to extend the knowledge of the co-
ordination chemistry of substituted 2-pyridone ligands to metals of the first row, namely 
cobalt, that have had little or no attention in the past. Once synthesised and structurally 
characterised the physical properties of the compounds can be studied using magnetic 
susceptibility, electrochemistry and a variety of spectroscopic techniques. The reactivity 
towards several lanthanoid salts will also be examined. 
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Chapter 2 
Synthesis & Structure of Cobalt-Pyridone Complexes 
2.1 Introduction 
2.1.1 Previous Work On Cobalt-Pyridone Complexes 
When compared to the abundance of work that has been carried out on 
studying substituted 2-pyridonate complexes of most of the 3d and 4d transition 
metals, as outlined previously, it seems strange that there has been very little 
investigation of cobalt complexes of these ligands. 
The most thorough work was carried out by Garner and co-workers 105 who 
reported the synthesis and characterisation of three new cobalt complexes of the 
ligand 6-methyl-2-pyridonate. The first was the simple monomeric complex 
Co(mhp)2, formed by the reaction of cobalt(lI)acetate and the sodium salt of the 
ligand in chloroform. This compound was characterised by microanalysis, mass 
spectroscopy, infra-red and magnetic susceptibility. They concluded that the ligands 
had to be in a tetrahedral geometry judging by the magnetic susceptibility of 4.8.IB, 
which is within the range expected for four co-ordinate tetrahedral cobalt complexes, 
although greater than the spin only value of 3.879B  for three unpaired electrons 
since the ground state acquires orbital angular momentum by indirectly mixing with 
the 4T2 state by a spin-orbit coupling perturbation. 
Being only four co-ordinate there remained two vacant ligand sites. This 
made the complex very susceptible to hydrolysis, forming an insoluble blue product 
and Hmhp and in an attempt to overcome this problem the 2,2'-bipy adduct of 
Co(mhp), was synthesised. The 2,2'-bipy would co-ordinate to the cobalt and block 
the two remaining vacant sites in Co(mhp)2, thus making the compound less 
exposed to hydrolysis. This complex was again identified by microanalysis, mass 
spectroscopy and magnetic susceptibility, the latter being 5•4B'  in the range 
expected for a six co-ordinate octahedral complex of cobalt(H). Again this is higher 
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than the spin only value, as there is intrinsic orbital angular momentum in the 
octahedral ground state, 4Tlg, leading to a considerable orbital contribution and 
higher effective magnetic moment. 
Unfortunately, neither of these complexes could be structurally characterised, 
and their true nature still remains unknown, particularly in the case of Co(mhp)2. 
However, they were able to structurally characterise a third complex, which was a 
duodecanuclear structure of stoichiometry C012(mhp)12(OAc)6(OH)6, formed by 
the reaction of cobalt(II)acetate and the free ligand in a melt. The full structure is 
shown in Figure 2.1.1. 
The complex network of twelve cobalt atoms, is arranged so that there are 
four different types of cobalt atoms. The central, Co(1) and two axial cobalt atoms, 
Co(2) and Co(3), lie on the C3 axis and three more, Co(4), Co(4a) and Co(4b), lie in 
an equatorial plane, containing the central cobalt, perpendicular to the threefold axis. 
The remaining six atoms form two planes 1.68(1)A above and below the equatorial 
plane. These six cobalt atoms thus form a trigonal prism around the central cobalt 
with one triangular face rotated 19.9° with respect to the other. The two triangular 
faces are capped by the axial cobalt atoms and the the three prism faces are each 
capped by the equatorial cobalts. This arrangement is shown in Figure 2.1.2. 
The metal centres are connected by bridging mhp, acetate and hydroxy 
groups. The six hydroxy groups are bonded t3- to the central cobalt and two other 
cobalts, the acetates bridge two adjacent cobalt atoms and the twelve mhp ligands 
are bidentate to one cobalt and also bridge across to two other cobalt atoms. The Co 
.Co separations are all >3. lÀ. Although this is rather large, the room temperature 
magnetic moment of c. 34B/Co atom suggested there is some magnetic exchange 
between the metal centres. 
1 
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Figure 2.1.2: Arrangment of Cobalt Atoms In C012(mhp)12(OAc)6(OH)6 
Recently a trinuclear cobalt complex has been synthesised and structurally 
characterised 106. The structure is very similar to the trinuclear complexes of 
nickel(H) discussed in Section 1.3.7. In this structure the three cobalt atoms are 
arranged linearly with each adjacent pair of metal centres bridged by two chp ligands 
binding to the metals through the exocycic oxygen only and an acetate. The metal-
metal distances average 3.164(8)A. The two outer cobalt atoms have their co-
ordination requirements completed by three methanol ligands on each metal, 
originating from the recrystallisation solvent. This makes all three metal atoms 
octahedral and the geometry is near regular. 
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Yeh and colleagues 96, working on metal-pyridonate complexes, reported the 
synthesis of a compound they formulated as Co(hp)2, by microanalysis, but they 
were unable to characterise the compound crystallographically. 
The only other cobalt complex of pyridones to be structurally characterised is 
a monomeric complex of formula Co(Hmhp)4(NO3) 107 . In an attempt to synthesise 
mixed metal complexes of copper, using pyridones as bridging ligands, reaction of 
the copper hexamer [Cu6(mhp)12Na][(NO3)2] 28  with cobalt(III)nitrate resulted in a 
ligand exchange reaction and four protonated mhp ligands co-ordinated to the 
cobalt. The structure revealed the four pyridone ligands co-ordinated through the 
exo-cycic oxygen only and arranged equatorially and the two remaining sites are 
taken up by nitrates in axial positions. The nitrogens on the pyridone ligands are 
protonated and unavailable for co-ordination. 
Finally, the synthesis of two complexes of cobalt with the unsubstituted 2-
pyridone have been reported 108. These were [Co(hp)2].2H20 and the 1, 10- 
phenanthroline adduct [Co(hp)2phen].H0. These compounds were formed by 
direct electrochemical synthesis using cobalt as the anode in the presence of the 
pyridone and phenanthroline for the latter compound, in solution. The compounds 
were identified by microanalysis and their magnetic moment. No crystal structure for 
either compound was reported. 
2.1.2 Synthesis Of New Cobalt-Pyridonate Complexes 
To synthesise new cobalt-pyridone complexes there are two major synthetic 
routes open. The first is a solution method, in which a convenient cobalt salt is 
allowed to react with the deprotonated ligand in a suitable solvent. This method was 
used by Gamer and colleagues 105  in the synthesis of Co(mhp)2 and can be adapted 
to use the anions of other pyridones, such as the 6-chioro- and unsubstituted ligands 
to form new complexes. If these prove to be like Co(mhp)2 and very moisture 
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sensitive, they too can be protected by synthesising the 2,2'-bipy adducts or even 
bipy derivatives, for example, 4,4'dimethyl-2,2'-bipyridyl and 1, 10-phenanthroline 
creating a whole range of new compounds. 
The second method is a synthesis performed in the molten ligand as used, 
again by Gamer, in the synthesis of the highly unusual duodecanuclear complex 
Co12(mhp)12(OAc)6(OH)6, where only partial substitution of acetates was achieved 
and in the synthesis of the compound reported by Yeh and co-workers 96 which they 
formulated as Co(hp)2. 
The ease of this method derives from the fact that the free ligands, Hmhp, 
Hchp and Hhp, have relatively low melting points, below 200°C, and melting them 
in the presence of a cobalt salt, (preferably the acetate as this forms acetic acid, 
which can be quite easily removed), would lead to the formation of new complexes, 
ranging from the simple monomer to something as complicated as the 
duodecanuclear structure. 
2.2 Synthesis & Structure of CO3(p-chp)6(Pr'0H)6, 1 
CO3(.i-chp)6(Pr'0H)6,(1), was prepared from the reaction between hydrated 
cobalt(II)nitrate and the potassium salt of the ligand Hchp in 1:2 ratio respectively. 
Elemental analysis of the crude material was consistent with the formula 
CO3(chp)6(HNO3)6. Crystals suitable for X-ray diffraction were grown from an 
ethanol/IPA solution. The X-ray structure is shown in Figure 2.2.1 and revealed a 
trinuclear complex consisting of three independent cobalt atoms with the metal 
centres arranged in an unusual linear array. Atomic co-ordinates are listed in Table 
2.2.1 and selected bond lengths and angles, along with standard deviations, are given 
in Table 2.2.2 
All three cobalts are in the +11 oxidation state and the Co-Co distances are 
2.906(3)A, indicating there is either weak or no interaction between the metal 
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centres. This distance is within the range known for the few comparable dimeric and 
trimeric complexes of Co(II) that are known. The Co-Co distance in 1 is somewhat 
shorter than the distance of 3.164(8)A in the similar compound 
CO3(OAc)2(chp)4(MeOH)6 106. The longest Co . Co known distance is 3.56A, 
present in the only other linear Co(II)3 complex CO3(PhCOO)6(quin)2 110, where 
the cobalt atoms are bridged by benzoates. In a similar dimeric complex, 
CO2(PhCOO)4(quin) 109, the Co Co seperation is shorter at 2.83A and both these 
complexes exhibit weak antiferromagnetism, therefore 1 should show some form of 
magnetic interaction. In other complexes where the two metals are only bridged by 
one atom the distances are comparable. For example, in Co(acac)2,  which is 
tetranieric in the solid state, the Co . .Co distance is 3.19(1)Ah 11 , also in the cubane 
[Co(OMe)(acac)(MeOH)]4 112, where the metals are bridged by methoxides through 
the oxygen, the seperation is 3.14(1)A and in the dimer of bis(N-methylsalicylene 
iminato) cobalt(II) the metals are seperated by 3.22A 113 . For comparison, an actual 
Co-Co single bond length is in the order of 2.8A, as in the anion [CO2(CN)10] 6 , 
where the distance is 2.798(2)Ah 14. This anion is isosteric and isoelectronic with the 
carbonyl complex Mn2(CO)1, which contains a Mn-Mn single bond and has an 
electronic configuration of 	 giving a bond order of one. 
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Table 2.2.1. Atomic coordinates (x 10) and equivalent isotropic displacement parameters 
(A2x 10) for 1. U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
x 	y 	z 	U(eq) 	 x 	y 	z U(eq) 
Co(1) 1754(1) 2521(1) 7595(1) 23(1) C(51) 3154(6) 2760(5) 6480(3) 25(1) 
Co(2) 1548(1) 4051(1) 6850(1) 25(1) C(52) 3397(6) 1853(5) 6454(3) 33(2) 
Co(3) 1964(1) 995(1) 8342(1) 27(1) C(53) 4381(6) 1796(5) 6238(4) 37(2) 
0(1) 223(4) 2792(3) 7054(2) 29(1) C(54) 5123(7) 2628(6) 6055(4) 43(2) 
N(1) -1496(5) 2166(4) 6035(3) 27(1) C(55) 4805(6) 3446(5) 6077(4) 37(2) 
C(11) -935(5) 2121(5) 6700(3) 27(1) Cl(5) 5678(2) 4533(2) 5842(1) 60(1) 
C(12) -1589(6) 1351(5) 6984(4) 32(2) 0(6) 3282(4) 2326(3) 8214(2) 27(1) 
C(13) -2774(6) 657(5) 6590(4) 36(2) N(6) 4945(5) 1884(4) 8262(3) 29(1) 
C(14) -3355(6) 672(6) 5885(4) 39(2) C(61) 4431(5) 2589(5) 8192(3) 23(1) 
C(15) -2661(6) 1432(5) 5659(3) 33(2) C(62) 5103(6) 3549(5) 8099(3) 29(1) 
C1(1) -3323(2) 1539(2) 4799(1) 58(1) C(63) 6292(6) 3763(6) 8049(4) 39(2) 
0(2) 2490(4) 4165(3) 7924(2) 27(1) C(64) 6817(6) 3023(5) 8113(4) 36(2) 
C(21) 2722(5) 4791(5) 8569(3) 25(1) C(65) 6099(6) 2123(6) 8227(3) 33(2) 
N(2) 2334(5) 5573(4) 8608(3) 30(1) C1(6) 6706(2) 1192(2) 8354(1) 51(1) 
 3344(6) 4631(5) 9215(3) 32(2) 0(11P) 39(4) 3630(4) 5778(2) 39(1) 
 3531(6) 5267(6) 9871(4) 41(2) C(11P) 754(9) 3326(9) 5147(5) 72(3) 
 3121(6) 6080(5) 9921(3) 39(2) C(12P) 233(16) 4289(12) 4900(7) 142(6) 
 2538(7) 6179(5) 9267(4) 38(2) C(13P) -223(12) 2504(11) 4572(6) 101(4) 
C1(2) 2026(2) 7191(2) 9278(1) 58(1) 0(21P) 3027(4) 5050(3) 6629(3) 37(1) 
0(3) 1147(4) 893(3) 7234(2) 27(1) C(21P) 3844(9) 6146(6) 6974(6) 66(3) 
N(3) 568(5) -665(4) 6804(3) 30(1) C(22P) 5054(11) 6264(10) 7462(7) 103(4) 
 148(5) 195(5) 6686(3) 25(1) C(23P) 4006(10) 1691(9) 6406(8) 98(4) 
 -148(6) 366(5) 5997(3) 28(1) 0(31P) 2736(4) 1392(4) 9472(2) 39(1) 
 -1219(6) -358(5) 5451(4) 36(2) C(31P) 3937(8) 1471(8) 9898(4) 65(3) 
 -1978(6) -1249(6) 5570(4) 40(2) C(32P) 3701(16) 387(12) 10013(8) 137(6) 
 -1599(6) -1347(5) 6248(4) 37(2) C(33P) 4401(10) 2256(10) 10631(6) 91(3) 
C1(3) -2508(2) -2445(2) 6450(1) 60(1) 0(41P) 452(5) -363(4) 8223(3) 46(1) 
0(4) 1141(4) 2087(3) 8443(2) 29(1) C(41P) -261(11) -608(12) 8688(7) 95(4) 
N(4) 1558(6) 2678(4) 9665(3) 38(1) C(42P) 247(17) -910(15) 9235(9) 177(8) 
 982(6) 2641(5) 8992(3) 28(1) C(43P) -1332(12) -388(12) 8550(8) 114(5) 
 223(7) 3199(6) 8870(4) 41(2) 0(51P) 3034(4) 154(3) 8179(3) 37(1) 
 64(8) 3757(7) 9464(5) 54(2) C(51P) 2691(7) -834(6) 7672(4) 49(2) 
 663(8) 3788(6) 10156(5) 56(2) C(52P) 2873(12) -753(9) 6988(6) 84(3) 
 1411(8) 3266(6) 10230(4) 45(2) C(53P) 3429(11) -1397(8) 8038(6) 77(3) 
C1(4) 2238(3) 3313(2) 11094(1) 88(1) 0(61P) 1017(4) 5254(4) 7213(2) 34(1) 
0(5) 2229(4) 2853(3) 6687(2) 27(1) C(61P) -215(7) 5279(6) 6997(4) 44(2) 
N(5) 3862(5) 3556(4) 6287(3) 32(1) C(62P) -1000(8) 4743(7) 7390(6) 63(2) 
C(63P) -16(9) 6430(7) 7141(5) 67(2) 
Table 2.2.2. Bond lengths AJ and angles [0]  for 1. 
Co(l)-0(3) 2.086(5) Co(3)-0(3 1P) 2.088(5) 
Co(l)-0(6) 2.089(5) Co(3)-0(4) 2.112(5) 
Co(l)-0(2) 2.094(5) Co(3)-0(6) 2.121(5) 
CO(l)-0(1) 2.097(5) Co(3)-0(3) 2.138(5) 
Co(1)-0(5) 2.110(5) 0(1)-C(1 1) 1.305(8) 
Co(1)-0(4) 2.113(5) 0(2)-C(21) 1.313(8) 
Co(l)-Co(3) 2.907(3) C(21)-N(2) 1.343(8) 
Co(l)-Co(2) 2.906(3) N(3)-C(31) 1.334(8) 
Co(2)-0(21P) 2.069(5) 0(4)-C(41) 1.309(7) 
Co(2)-0(61P) 2.085(5) N(4)-C(41) 1.331(9) 
Co(2)-O(1 1P) 2.094(5) N(4)-C(45) 1.348(9) 
Co(2)-0(2) 2.105(5) 0(5)-C(5 1) 1.313(7) 
Co(2)-0(1) 2.134(5) N(5)-C(55) 1.346(9) 
Co(2)-0(5) 2.134(5) N(5)-C(51) 1.351(7) 
Co(3)-0(5 1P) 2.073(5) 0(6)-C(61) 1.318(7) 
Co(3)-0(4 1P) 2.075(6) N(6)-C(61) 1.359(8) 
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Table 2.2.2 cont. 
N(6)-C(65) 1.335(8) 0(41P)-C(41P) 1.420(10) 
0(1 1P)-C(1 1P) 1.484(10) 0(5 1P)-C(51P) 1.417(9) 
0(21P)-C(21P) 1.440(10) 0(61P)-C(61P) 1.456(8) 
0(31P)-C(31P) 1.443(10) 
0(3)-Co(l)-0(6) 78.6(2) 0(21P)-Co(2)-Co(1) 123.4(2) 
0(3)-Co(1)-0(2) 175.1(2) 0(61P)-Co(2)-Co(1) 124.69(14) 
0(6)-Co(l)-0(2) 99.1(2) 0(1 1P)-Co(2)-Co(1) 123.0(2) 
0(3)-Co(1)-0(1) 104.3(2) 0(2)-Co(2)-Co(1) 46.05(14) 
0(6)-Co(l)-0(1) 175.3(2) 0(1)-Co(2)-Co(1) 46.08(13) 
0(2)-Co(1)-0(1) 78.3(2) 0(5)-Co(2)-Co(1) 46.43(12) 
0(3)-Co(1)-0(5) 98.1(2) 0(5 1P)-Co(3)-0(41P) 91.3(2) 
0(6)-Co(l)-0(5) 104.7(2) 0(5 1P)-Co(3)-0(31P) 91.8(2) 
0(2)-Co(l )-0(5) 78.3(2) 0(41P)-Co(3)-0(3 1P) 95.7(2) 
0(1)-Co(1)-0(5) 78.6(2) 0(5 1P)-Co(3)-0(4) 168.0(2) 
0(3)-Co(l)-0(4) 78.6(2) 0(4 1P)-Co(3)-0(4) 99.9(2) 
0(6)-Co(l)-0(4) 78.0(2) 0(3 1P)-Co(3)-0(4) 91.4(2) 
0(2)-Co(l)-0(4) 105.2(2) 0(5 1P)-Co(3)-0(6) 90.8(2) 
0(l)-Co(l)-0(4) 98.9(2) 0(41P)-Co(3)-0(6) 166.9(2) 
0(5)-Co(1)-0(4) 175.3(2) 0(3 IP)-Co(3)-O(6) 97.1(2) 
0(3)-Co(1)-Co(3) 47.26(14) 0(4)-Co(3)-0(6) 77.3(2) 
0(6)-Co(l)-Co(3) 46.79(14) 0(5 1P)-Co(3)-0(3) 98.3(2) 
0(2)-Co(l)-Co(3) 133.55(14) 0(41P)-Co(3)-0(3) 90.2(2) 
0(1)-Co(1)-Co(3) 132.91(14) 0(4)-Co(3)-0(3) 77.5(2) 
0(5)-Co(1)-Co(3) 132.92(13) 0(6)-Co(3)-0(3) 76.7(2) 
0(4)-Co(1)-Co(3) 46.53(13) C(1 1)-0(1)-Co(1) 128.9(4) 
0(3)-Co(1)-Co(2) 132.83(14) C(1 1)-0(1)-Co(2) 135.0(4) 
0(6)-Co(l)-Co(2) 133.15(14) Co(l)-0(1)-Co(2) 86.8(2) 
0(2)-Co(l)-Co(2) 46.36(14) Co(l)-0(2)-Co(2) 87.6(2) 
0(l)-Co(l)-Co(2) 47.14(13) C(3 1)-0(3)-Co(3) 134.2(4) 
0(5)-Co(1)-Co(2) 47.13(13) Co(l)-0(3)-Co(3) 87.0(2) 
0(4)-Co(l)-Co(2) 133.44(13) C(41 )-0(4)-Co(1) 130.4(4) 
Co(3)-Co(1 )-Co(2) 179.91(3) Co(3)-0(4)-Co(1) 86.9(2) 
0(21P)-Co(2)-0(61P) 92.4(2) C(5 1)-0(5)-Co(1) 127.7(4) 
0(21P)-Co(2)-0(1 1P) 91.3(2) C(5 1 )-0(5)-Co(2) 135.0(4) 
0(61P)-Co(2)-0(1 1P) 92.8(2) Co(1)-0(5)-Co(2) 86.4(2) 
0(21P)-Co(2)-0(2) 99.4(2) C(61)-0(6)-Co(1) 130.8(4) 
0(61P)-Co(2)-0(2) 92.0(2) C(61)-0(6)-Co(3) 134.3(4) 
0(1 1P)-Co(2)-0(2) 168.1(2) Co(l)-0(6)-Co(3) 87.3(2) 
0(21P)-Co(2)-0(1) 167.4(2) C(1 1P)-0(1 1P)-Co(2) 121.4(5) 
0(61P)-Co(2)-0(1) 99.8(2) C(21P)-0(21P)-Co(2) 132.0(4) 
0(1 1P)-Co(2)-0( 1) 91.2(2) C(3 1P)-0(3 1P)-Co(3) 128.5(5) 
0(2)-Co(2)-0(1) 77.2(2) C(41P)-0(41P)-Co(3) 130.8(7) 
0(21P)-Co(2)-0(5) 90.1(2) C(5 1P)-0(5 1 P)-Co(3) 129.8(4) 




Figure 2.2.1: Crystal Structure Of 1 
The appearance of the three iso-propanol groups bound to each of the two 
metals at the extremes of the molecule is a most unexpected result. These presumably 
must originate from the recrystallisation solvent and either displaced the six nitrates that 
were originally bonded, from cobalt(fl)nitrate, or the compound had originally a 
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different structure in solution and only crystallised as a CO3 moiety in the presence of 
the IPA. 
However, under slighity different conditions, reaction of cobalt(TI)acetate with 
the anions mhp, chp and hp gave products which analysed well as CO3L6(OAc)6 
indicating that the possibility of forming the CO3 moiety, in the absence of WA, is not an 
impossibility and that the nitrates were substituted by the IPA solvent. 
Each pair of adjacent cobalt atoms in 1 are bridged by three pyridone ligands in a 
2- fashion through the exo-cyclic oxygens only, making the central cobalt atom co-
ordinated to six pyridone oxygens and the outer cobalts only three. Between the first 
pair of cobalt atoms (Co(l) and Co(2)), the ligands are in a 'two-up-one-down' 
arrangement and between the second pair (Co(1) and Co(3)), the ligands have the same 
arrangement only inverted, i.e. ,'one-up-two-down', this gives the appearance of an inner 
'C03012' unit, previously unknown for cobalt, that is isostrucural with the [Ru3Cl12] 4 
cation 115 . The pyridone rings are arranged such that pairs of rings lie over one another 
in an almost graphitic type interaction separated by a distance of 3.682A, this is shown 
in the packing diagram in Figure 2.2.2. The distance between adjacent layers in graphite 
is approximately 33A. 
The cobalt-pyridone oxygen distances vary from 2.086(5) to 2.138(5)A 
and the cis-O-Co-O angles lie between 77.2(2)° and 105.2(2)°, making the environment 
around each cobalt distorted from octahedral. More specifically, the cobalt-pyridone 
oxygen distances from the central cobalt, Col, vary from 2.086(5)A to 2.113(5)A, at an 
average of 2.098(5)A. The angles around Col deviate from regular octahedral 
symmetry, with O-Co-O angles ranging from a narrow angle of 78.0(2)° to the widest 
angle of 105.2(2)°, implying that what should be a square plane of four oxygens in an 
ideal octahedron, has been tilted out of plane, each oxygen to a different degree, and 
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some bond angles being compressed to less than 900,  resulting in others being greater 
than the ideal angle. This also makes the average angle between the oxygens which are 
trans- to each other slightly bent from linearity to 175.2(2)°. 
The two extreme cobalt atoms, Co2 and CO, have slightly different co-
ordination geometries to Co 1, which is to be expected, as each is bonded to three 
oxygens from iso-propanol groups and three from the pyridone ligands. The bond 
lengths from the cobalt atoms to the oxygens of the IPA ligands are slightly shorter than 
the Col-0 distances, varying from 2.069(5)A to 2.094(5)A, the average being 
2.081(5)A. The average Co-0(pyridone) distance is 2.124(5)A for Co2 and 2.123(5)A 
for Co3, longer than the Co-0(IPA) distance, but more interestingly longer than the 
average Co 1-0 distance. A distortion is also observed in the angles between the oxygens 
at Co2 and CO, although the angles between two oxygens from two IPA ligands being 
near ideal, e.g., 0(21P)-Co-0(1 1P) 91.3(2)° and 0(41P)-Co-0(31P) 95.7(2)°, the 
angles between oxygens from the pyridone ligands are compressed to an average of 
77.2(2)° at Co3 and 77.3(2)° at Co2. This compression results in a slight increase in the 
angles between the oxygens of the pyridones and the oxygens in the IPA ligands which 
average at 95.0(2)° at Co2 and 94.6(2) 0 at Co3. The deviation from linearity of oxygens 
that are trans- to one another is more marked than at Col, where the average angle was 
175.2(2)° compared to the average angle of 168.3(2)° at Co2 and 167.7(2) 0 at CO. 
There exist strong hydrogen-bonds between the oxygens of the IPA ligands and 
the nitrogens of the pyridone ligands which can be illustrated in the bond lengths within 
the bridging pyridone ligands themselves. It is noted that the mean bond length between 
the exocycic oxygen and the carbon it is bonded to in the pyridone ring is 1.313(8)A. 
This is longer than an average C=O bond length of 1.22A and slightly shorter than the 
C=0 bond in phenol at 1.36A. This indicates that the ligand is predominantly in the keto 
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form indicating that the nitrogen atoms may have become protonated but the adjacent C-
N bond length, averaging at 1.343(8)A which is comparable to the corresponding C-N 
distance of 1.355(3)A in the complex Co(Hmhp)4(NO3)2, where the nitrogen atoms of 
the pyridone are protonated, suggests that the nitrogens are not strictly protonated but 
taking part in intramolecular H-bonding with the hydroxyl groups of the IPA ligands and 
the N•• •0 contacts range from 2.663(6)A to 2.694(6)A, shorter than the average of 
2.9A in the monomer. The average ligand C-O distance in Co(Hmhp)4(NO3)2 complex 
is 1.284(3)A107 , shorter than that in 1, in accordance with the fact that in the monomeric 
complex the oxygen only binds to one metal whereas here each oxygen bridges two in 
the trimer, causing a slight lengthening of the C-O bond. 
The packing of 1 in the crystal is shown in Figure 2.2.2. There is no 
intermolecular H-bonding between adjacent molecules and the nearest contact is 
between two chlorines at a distance of 3.875A. 
Reaction of cobalt(III)nitrate with the potassium salt of the Hmhp and Hhp 
ligands under similar conditions formed only dark green highly insoluble products, 
suggesting some polymeric species had formed. Analysis of these polymeric species 
revealed that a great deal of hydrolysis had indeed occured, with low values for C, H 
and N. 
62 
Figure 2.2.2: Molecular Packing Of 1 In The Crystal 
2.3 Synthesis & Structure of Co(mhp)2(phen), 2 
Solid state reaction of anhydrous cobalt(II) acetate and Hmhp at 160°C initially 
produces a dark purple melt, which on cooling solidifies. Extraction gives a dark purple 
solution in dichloromethane. Addition of one equivalent of 1,10-phenanthroline turns the 
solution to a dark orange colour over a period of time. Crystals suitable for X-ray 
diffraction studies were grown by slow ether diffusion into a concentrated CH202 
solution. The X-ray structure revealed a monomeric Co(H) complex of formula 
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Co(mhp)2(phen), 2, shown in Figure 2.3.1. Atomic co-ordinates are listed in Table 
2.3.1 and selected bond lengths and angles are given in Table 2.3.2. 
The mhp ligands are bidentate to the metal, highly unusual for this ligand which 
has a very narrow 'bite' and usually bridges between metals 35 ' 36'37 . Only two previous 
compounds for first row metals have been reported where this is the case, 
Co(mhp)2(2,2'-bipy) 105 and Cu(mhp)2(2,2'-bipy) 102 and only the latter characterised 
crystallographically. 
Figure 2.3.1: Crystal Structure Of 2 
ZI 
Table 2.3.lAtomic coordinates (x 10) and equivalent isotropic 
displacement parameters (A2 x lØi)  for 2. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x y z U(eq) x y z U(eq) 
Co(1) 2176(1) 2352(1) -1010(1) 21(1) C(6B) 5199(4) 2175(6) -118(2) 37(1) 
O(1A) 556(2) 3318(3) -1356(1) 25(1) N(1P) 1661(2) 377(3) -524(1) 19(1) 
N(IA) 2161(2) 4555 c3 ) -1473(1) 22(1) N(2P) 2296(2) 3126(3) 8(1) 21(1) 
C(1A) 1005(3) 4499(4) -1616(2) 24(1) C(1P) 1347(3) -977(4) -799(2) 24(1) 
C(2A) 421(3) 5645(5) -2024(2) 28(1) C(2P) 986(3) -2206(5) -432(2) 26(1) 
C(3A) 1030(4) 6815(5) -2254(2) 33(1) C(3P) 911(3) -2016(4) 232(2) 23(1) 
C(4A) 2207(4) 6861(5) -2098(2) 32(1) C(4P) 1241(3) -599(4) 540(2) 19(1) 
C(5A) 2758(3) 5708(4) -1706(2) 26(1) C(SP) 1224(3) -285(5) 1234(2) 25(1) 
C(6A) 4015(3) 5643(6) -1510(2) 39(1) C(6P) 1579(3) 1078(5) 1514(2) 25(1) 
O(1B) 2427(2) 1121(3) -1924(1) 26(1) C(7P) 1966(2) 2285(4) 1115(2) 21(1) 
N(1B) 3832(2) 1557(3) -1084(1) 22(1) C(8P) 2341(3) 3739(5) 1373(2) 27(1) 
C(1B) 3487(3) 972(4) -1706(2) 24(1) C(9P) 2677(3) 4829(5) 951(2) 29(1) 
C(2B) 4310(3) 294(5) -2065(2) 32(1) C(1OP) 2633(3) 4479(4) 271(2) 27(1) 
C(3B) 5409(3) 251(5) -1775(2) 41(1) C(I1P) 1970(3) 2032(4) 428(2) 18(1) 
C(4B) 5739(3) 872(5) -1144(2) 36(1) C(12P) 1616(3) 566(4) 139(2) 17(1) 
C(5B) 4924(3) 1504(4) -802(2) 28(1) 
Table 2.3.2: Bond lengths [A] and angles [1 for 2. 
Co(l)-N(1P) 2.106(3) N(1A)-Co(1)-O(1A) 63.40(10) 
Co(l)-NOB) 2.115(3) N(1P)-Co(l)-N(2P) 77.93(11) 
Co(l)-N(1A) 2.122(3) N(1B)-Co(1)-N(2P) 103.49(11) 
Co(1)-O(1A) 2.128(2) N(1A)-Co(1)-N(2P) 97.84(11) 
Co(l)-N(2P) 2.149(3) O(1A)-Co(1)-N(2P) 97.15(9) 
Co(1)-O(1B) 2.189(2) N(IP)-Co(1)-O(1B) 94.67(10) 
O(1A)-C(1 A) 1.300(4) N(1B)-Co(1)-O(1B) 62.71(10) 
N(1A)-C(1A) 1.367(4) N(1A)-Co(1)-O(1B) 93.44(10) 
O(1B)-C(1B) 1.285(4) O(1A)-Co(1)-O(1B) 98.14(9) 
N(1B)-C(1B) 1.363(4) N(2P)-Co(1)-O(1B) 163.92(10) 
N(1P)-C(1 P) 1.328(4) C(1A)-O(1A)-Co(1) 92.0(2) 
N(1P)-C(12P) 1.359(4) C(5A)-N(1A)-Co(1) 147.8(3) 
N(2P)-C(1 OP) 1.324(4) C(1A)-N(1A)-Co(1) 90.4(2) 
N(2P)-C(1 1P) 1.364(4) C(1B)-O(1B)-Co(1) 90.3(2) 
C(5B)-N(1B)-Co(1) 146.9(2) 
N(1P)-Co(1)-N(1B) 96.03(11) C(1B)-N(1B)-Co(1) 91.4(2) 
N(1P)-Co(1)-N(1A) 161.77(10) C(1P)-N(1P)-Co(1) 127.3(2) 
N(1B)-Co(1)-N(1A) 102.20(10) C(12P)-N(1P)-Co(1) 114.6(2) 
N(1P)-Co(1)-O(1A) 99.25(10) C(10P)-N(2P)-Co(1) 129.3(2) 
N(1B)-Co(1)-O(1A) 156.47(9) C(1 1P)-N(2P)-Co(1) 113.1(2) 
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In 2, the 0-Co-N angles involving the mhp ligands are slightly larger at 
63.31(7)° and 62.57(7)° compared to 61.8(3)° in the complex Ru(mhp)2(PPh3)2 62 and 
the 57.6(4)° in the copper complex Cu(mhp)(2,2'-bipy) 102. Another consequence of the 
bidentate ligation is the respective C-0 and C-N bond lenghts. In the cobalt complex the 
C-0 and C-N distances are 1.287(3)A and 1.366(3)A respectively, whereas in the case 
of the ruthenium complex the C-0 distance is longer at 1.354(5)A than the C-N 
distance of 1.331(8)A. This possibly reflects the greater preference of second row metals 
for less electronegative donor atoms. 
The shorter C-O bond in the cobalt complex is indicative of the electronic 
structure of the ligand presiding in a predominantly keto form, whereas in contrast, the 
enol form dominates in the ruthenium complex, having a longer C-0 and shorter C-N 
bond length. This is also supported by the fact that in Co(Hmhp)4(NO3)2, where the 
ligands are protonated and consequently in keto form the C-0 bond length is 
1 .284(5)Ab 07. 
The arrangement of the ligands in 2 is worth noting. The six donor atoms are 
arranged in a distorted octahedron, for example, O1A-Co-01B is 98.19(6)', N1A-Co-
N2A 102.24(7)° and N2P-Co-01B 163.87(7)°, by virtue of the narrow N• . O bite in the 
pyridone and N• •N' in phenanthroline. The two pyridonate ligands are arranged such 
that the exocycic oxygens are cis- to one another, making the nitrogens also cis-. The 
phenanthroline occupies the final two co-ordination sites. 
The structure is confirmed by 1 H NMR spectroscopy, giving four resonances for 
the pyridone ligands corresponding to three equivalent methyl protons and three distinct 
aromatic protons, indicating the pyridone ligands are equivalent and four resonances for 
the protons on the phenanthroline. 
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The packing of 2 in the crystal is shown in Figure 2.3.2. There are several 
interesting features to note. The first is the presence of intermolecular H-bonding 
between adjacent molecules joining the oxygen from the chelating mhp ligand to the 
hydrogens attatched to the carbons in the 4 or 7 positions on the phen ligand. The 
distance averages at 2.493A, with the 0 . •H4 distance being 2.537A and O• •H7 slightly 
shorter at 2.449A. Also the phen ligands of certain molecules eclipse one another with 
two of the aromatic rings. The planes of the rings are separated by a distance of 3.577A, 
slightly shorter than that found between the pyndone rings of 1. 
Figure 2.3.2: Molecular Packing Of 2 
WA 
2.4 Synthesis & Structure of the Heterobimetallic Polymer 
[CO2Na(mhp)6(I1mhp)(H0)]fl , 3 
As previously cited 105 , Gamer reported the synthesis of the monomeric 
complex Co(mhp)2 by reaction of anhydrous cobalt(H)acetate and Na(mhp) in 
chloroform but although the product analysed well as the monomer no X-ray 
structure could be obtained to confirm their findings. 
Repetition of the reaction, but in dichioromethane, produced a similar 
product and crystals suitable for X-ray diffraction studies could be grown from a 
toluene solution. The X-ray structure did not reveal a simple monomer but a highly 
unexpected cobalt-sodium polymer of stoichiometry [CO2Na2(mhp)6(Hmhp)-
(H20)]n, 3, for which selected bond lengths and angles are given in Table 2.4.1 and 
the atomic co-ordinates in Table 2.4.2. The asymmetric unit is illustrated in Figure 
2.4.1, but the structure is best described in terms of the repeating CO2Na2(mhp)6 
unit shown in Fig. 2.4.2, of which there are two in the asymmetric unit. 
The two cobalts, Co(1) and Co(1)#1, seperated by a distance of 3.197(10)A, 
are bridged by two mhp ligands through the oxygens O(1R) and O(1R)#1 in p-3- 
mode with the oxygen also binding to a sodium, either Na(1) or Na(l)#1 
respectively. The nitrogens from these ligands, N(1R) and N(1R)#1, also bind to the 
sodiums, which is unusual in having the softer donor atom binding to the 'harder' 
metal. Each cobalt is also co-ordinated by two bidentate ligands, via N(2R)-0(2R) 
and N(3R)#1-0(3R)#1, but the oxygens from these ligands are I-'2-'  binding to a 
sodium as well, making each sodium and cobalt six co-ordinate. Both cobalts are in 
oxidation state +11 and the sodiums in oxidation state +1. The nearest metal-metal 
contact between a cobalt and a sodium is 3.438(9)A. 
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Figure 2.4.1: The Asymmetric Unit Of 3 
The geometries around each of the cobalt atoms are very distorted octahedra. 
This mainly stems from the fact that each cobalt atom has two bidentate mhp ligands 
and each sodium has one. The mhp ligand, has a very narrow 'bite' angle and makes 
the N-M-O angles much less than 90 0  At the cobalt atoms the angle is reduced to 
an average of 62.9(7)°, identical to that found in Co(mhp)2(phen) of 62.94(7)°. This 
causes the other bond angles around each metal to become distorted but to a lesser 
degree, with angles around the cobalts starting from 76.8(4)°, 0(4R)-Co(2)-0(4R)#2 
and 77.7(9)°, O(1R)#l-Co(l)-O(1R) with some angles then being close to 900, 
O(1R)-Co(l)-N(3R) at 92.1(6)° and 0(4R)-Co(2)-0(6R) at 93.3(4)° and the 
greatest angles being 106.1(5)0 at N(3R)-Co(l)-N(2R) and 106.4(4) 0 at N(6R)-
Co(2)-N(5R). The trans- angles consequently deviate from linearity with the average 
being 156.0(5)° at Co(l) and 155.8(4)0 at Co(2). 
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Figure 2.4.2: The CO2Na2(mhp)6 Repeating Unit of 3 
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Table 2.4.1. Atomic co-ordinates (x 10) and equivalent isotropic 
displacement parameters (A2 x 10) for 3. U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x 	y 	z 	U(eq) 	 x 	y 	z 	U(eq) 
 6533(3) -5266(3) -5138(1) 129(1) C(42R)-1074(8) 2582(7) -931(4) 72(3) 
 1090(2) 304(2) 183(1) 75(1) C(43R)-1834(9) 3745(8) -975(4) 80(4) 
 4148(6) -3421(7) -3437(3) 92(2) C(44R)-2826(9) 4462(6) -282(6) 86(4) 
 2317(5) -1597(5) -1544(3) 85(2) C(45R)-3059(8) 4016(7) 454(5) 88(4) 
O(1R) 4677(14) -3924(19) -5065(7) 161(5) C(46R) -4081 (18) 4709(14) 1212(10) 115(6) 
N(1R) 3993(13) -2098(16) -4467(6) 162(5) 0(5R) 	122(10) 915(8) 1430(6) 81(3) 
C(1 1R) 4421(13) -2839(14) -5160(8) 161(6) N(5R) 	2198(9) -507(8) 72(4) 90(4) 
C(12R) 4541(13) -2420(16) -5908(6) 165(6) C(51R) 1122(8) 203(7) 1639(6) 79(4) 
C(1 3R) 4232(15) -1260(17) -5963(7) 177(7) C(52R) 1214(10) 67(9) 2411(5) 95(5) 
C(14R) 3804(15) -520(14) -5270(10) 177(6) C(53R) 2382(11) -780(10) 2515(4) 88(4) 
C(15R) 3685(14) -939(15) -4522(8) 181(7) C(54R) 3459(9) -1490(9) 1848(6) 91(4) 
C(16R) 3228(29) -252(26) -3746(14) 189(8) C(55R) 3367(8) -1353(8) 1076(5) 109(6) 
0(2R) 6316(11) -4836(14) -3922(6) 126(4) C(56R) 4432(18) -2032(24 352(11) 191(12) 
N(2R) 7907(11) -6527(11) -4631(4) 99(4) 0(6R) 	2571(9) -137(10) -995(6) 84(3) 
C(21R) 7247(10) -5841(10) -3889(6) 105(5) N(6R) 	1724(8) 1578(9) -302(5) 86(3) 
C(22R) 7627(11) -6256(12) -3221(4) 102(5) C(61R) 2543(9) 871(8) -1030(6) 83(3) 
C(23R) 8668(12) -7358(12) -3295(5) 104(5) C(62R) 3194(9) 1291(10) -1682(4) 88(4) 
C(24R) 9328(11) -8045(9) -4037(7) 97(5) C(63R) 3026(10) 2418(10) -1605(5) 96(4) 
C(25R) 8947(11) -7630(10) -4705(5) 106(5) C(64R) 2207(10) 3125(8) -878(7) 88(4) 
C(26R) 9536(24) -8277(18) -5521(10) 125(7) C(65R) 1557(9) 2705(9) -226(5) 89(4) 
0(3R) 7381(12) -5786(14) -6401(6) 120(4) C(66R) 	617(17) 3403(15) 561(10) 116(6) 
N(3R) 7601(12) -4389(13) -5856(5) 134(5) O(7R) 	4507(10) -2465(10) -2479(5) 87(3) 
C(31R) 7847(12) -5034(11) -6556(6) 131(6) N(7R) 	6828(9) -3251(9) -3008(5) 109(4) 
C(32R) 8494(12) -4804(13) -7309(5) 126(5) C(71R) 5590(7) -2507(10) -2449(6) 89(4) 
C(33R) 8896(12) -3927(14) -7362(7) 140(6) C(72R) 5545(8) -1787(9) -1860(5) 100(5) 
C(34R) 8650(13) -3282(12) -6662(9) 152(6) C(73R) 6737(11) -1811(8) -1830(7) 113(6) 
C(35R) 8003(13) -3513(14) 5909(7) 156(6) C(74R) 7975(8) -2555(9) -2389(8) 122(6) 
C(36R) 7618(27) -2750(24) -5176(14) 183(9) C(75R) 8021(7) -3276(9) -2978(7) 121(5) 
0(4R) -647(8) 1053(8) -82(6) 78(3) C(76R) 9220(22) 4160(21) -3825(15) 159(8) 
N(4R) -2300(8) 2853(7) 498(4) 88(4) 0(8) 	1949(11) -2625(14) -2495(9) 147(6) 
C(41R) -1308(8) 213 6(5) -194(5) 76(4) 
Table 2.4.2. Selected Bond lengths [A] and angles[] for 3 
Co(1)-O(1R)#1 2.03(2) Na(1)-0(7R) 2.360(11) 
Co(1 )-O(1R) 2.07(2) Na(1)-N(1R) 2.435(14) 
Co(1)-0(3R) 2.118(11) Na(1 )-O(3R)#1 2.492(13) 
Co(l)-N(3R) 2.128(11) Na(1)-O(1R) 2.763(14) 
Co(l)-N(2R) 2.131(11) Na(1)-Co(1)ltl 3.535(7) 
Co(1)-0(2R) 2.131(11) Na(1)-Na(2) 3.587(10) 
Co(1 )-Na(1) 3.438(9) Na(2)-0(6R) 2.319(14) 
Co(1)-Na(1)#1 3.535(7) Na(2)-0(7R) 2.331(11) 
Co(2)-0(4R) 2.025(9) Na(2)-N(4R)#2 2.405(8) 
Co(2)-0(4R)2 2.059(11) Na(2)-0(8) 2.42(2) 
Co(2)-0(5R) 2.115(10) Na(2)-0(5R)#2 2.518(12) 
Co(2)-N(6R) 2.128(9) Na(2)-0(4R)#2 2.800(11) 
Co(2)-0(6R) 2.128(10) Na(2)-C(41R)#2 3.07(3) 
Co(2)-N(5R) 2.128(7) Na(2)-Co(2)#2 3.567(8) 
Co(2)-Na(2) 3.467(8) O(1R)-C(1 1R) 1.32(2) 
Co(2)-Na(2)#2 3.567(8) O(1R)-Co(1)#1 2.03(2) 
Na(l)-0(2R) 2.276(14) 0(2R)-C(21R) 1.30(2) 
Na(1)-0(8) 2.341(13) 0(3R)-C(31R) 1.29(2) 
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0(3R)-Na(1)#1 2.492(13) 0(5R)-C(5 1R) 1.284(11) 
0(4R)-C(41R) 1.317(10) 0(5R)-Na(2)#2 2.518(12) 
0(4R)-Co(2)#2 2.059(11) 0(6R)-C(61R) 1.289(13) 
0(4R)-Na(2)#2 2.800(11) 0(7R)-C(71R) 1.254(11) 
N(4R)-Na(2)#2 2.405(8) 
O(1R)#1-Co(1)-O(1R) 77.7(9) 0(2R)-Na(1)-N(1R) 104.3(5) 
O(1R)#1-Co(1)-0(3R) 94.4(5) 0(8)-Na(1)-N(1R) 103.4(6) 
O(1R)-Co(1)-0(3R) 100.4(5) 0(7R)-Na(1 )-N(1R) 101.0(5) 
O(1R)#1 -Co(1)-N(3R) 153.4(4) 0(2R)-Na(1 )-O(3R)#1 108.1(6) 
O(1R)-Co(1 )-N(3R) 92.1(6) 0(8)-Na(1 )-O(3R)#1 63.8(5) 
0(3R)-Co(1)-N(3R) 63.1(5) 0(7R)-Na(1 )-O(3R)#1 142.8(4) 
O(1R)#1 -Co(1 )-N(2R) 92.9(6) N(1R)-Na(1 )-O(3R)#1 100.2(4) 
O(1R)-Co(1 )-N(2R) 153.2(4) 0(2R)-Na(1 )-O(1R) 74.0(5) 
0(3R)-Co(l)-N(2R) 105.3(5) 0(8)-Na(1 )-O(1R) 122.5(5) 
N(3R)-Co(1)-N(2R) 106.1(5) 0(7R)-Na(1)-O(1R) 145.3(5) 
O(1R)#1 -Co(1)-O(2R) 100.0(5) N(1R)-Na( 1)-O(1R) 52.3(6) 
O(1R)-Co(1)-0(2R) 93.4(5) 0(3R)#1-Na(1)-O(1R) 70.6(4) 
0(3R)-Co(1)-0(2R) 161.9(4) 0(6R)-Na(2)-0(7R) 95.8(4) 
N(3R)-Co(1 )-O(2R) 105.1(5) 0(6R)-Na(2)-N(4R)#2 103.4(4) 
N(2R)-Co(1)-0(2R) 63.2(5) 0(7R)-Na(2)-N(4R)#2 105.5(4) 
0(4R)-Co(2)-0(4R)#2 76.8(4) 0(6R)-Na(2)-0(8) 158.4(6) 
0(4R)-Co(2)-0(5R) 94.2(4) 0(7R)-Na(2)-0(8) 80.7(4) 
0(4R)#2-Co(2)-0(5R) 102.7(4) N(4R)#2-Na(2)-0(8) 98.0(6) 
0(4R)-Co(2)-N(6R) 93.3(4) 0(6R)-Na(2)-0(5R)#2 109.9(4) 
0(4R)#2-Co(2)-N(6R) 153.0(4) 0(7R)-Na(2)-0(5R)#2 141.6(4) 
0(5R)-Co(2)-N(6R) 103.0(4) N(4R)#2-Na(2)-0(5R)#2 96.0(4) 
0(4R)-Co(2)-0(6R) 101.2(4) 0(8)-Na(2)-0(5R)#2 64.8(4) 
0(4R)#2-Co(2)-0(6R) 94.2(4) 0(6R)-Na(2)-0(4R)#2 73.0(4) 
0(5R)-Co(2)-0(6R) 159.3(4) 0(7R)-Na(2)-0(4R)#2 147.9(4) 
N(6R)-Co(2)-0(6R) 62.8(4) N(4R)#2-Na(2)-0(4R)#2 51.3(3) 
0(4R)-Co(2)-N(5R) 152.2(4) 0(8)-Na(2)-0(4R)#2 120.4(5) 
0(4R)#2-Co(2)-N(5R) 92.5(4) 0(5R)#2-Na(2)-0(4R)#2 69.3(3) 
0(5R)-Co(2)-N(5R) 62.8(4) Co(1)-Na(1 )-Na(2) 167.0(2) 
N(6R)-Co(2)-N(5R) 106.4(4) Co(2)-Na(2)-Na(1) 168.5(2) 
0(6R)-Co(2)-N(5R) 105.1(4) Co(1)-Na(1)-Co(1 )#1 54.50(12) 
0(2R)-Na( 1 )-O(8) 152.1(7) Na(2)-0(7R)-Na( 1) 99.7(4) 
0(2R)-Na(1 )-O(7R) 95.8(4) Na(1 )-O(8)-Na(2) 97.8(5) 
0(8)-Na(1)-0(7R) 81.7(4) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x+1,-y-1,-z-1 #2 -x,-y,-z 
The distortion is more pronounced at each of the sodium atoms and the 
geometry cannot be described as distorted octahedral but as distorted face-capped 
square pyramidal, which is a highly unusual co-ordination geometry for sodium. The 
base of the pyramid is made from four oxygen donor atoms to the sodium, in the 
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case of Na(l) these are 0(8), 0(7R), 0(3R)#1 and 0(2R). The distances to Na(l) 
average 2.367(12)A. The angles between these oxygens vary from 63.8(5)°, 0(8)-
Na(l)-0(3R)#1, to 108.1(6)°, 0(2R)-Na(l)-0(3R)#l. The sodium atom does not lie 
in the plane of the four oxygen donors but slightly above it by approximately 0.6A. 
The apex of this pyramid is formed by a nitrogen atom from the chelating pyridone 
ligand, N(1R) in the case of Na(l), a distance of 2.435(14)A from the sodium. The 
oxygen from this pyridone ligand, 0(1R), binds to the sodium at a greater distance 
than the other five donors at 2.763(14)A. This effectively caps the triangular face 
formed by N(1R), 0(2R) and 0(3R)#l. The face capping oxygen makes an angle of 
52.3(6)° at Na(l) with N(1R), smaller than the average N-Co-0 angle of 62.9(7)° the 
chelating pyridone ligands make at the cobalt atoms. The edge formed by 0(8) and 
0(7R) is shared with the square pyramid moiety formed around Na(2), with these 
two oxygen atoms forming the base along with 0(6R) and 0(5R)#2. The nitrogen 
N(4R)#2 from a pyndone completes the pyramid as the apex and the N(4R)#2-
0(6R)-0(5R)#2 face is then capped by 0(4R)#2. This second pyramid is inverted 
relative to that formed around Na(1). Figure 2.4.3 portrays the geometry around 
Na(la) and how the six donor atoms form the face capped square pyramid and 
Figure 2.4.4 illustrates the geometries around Na(l) and Na(2) and how they are 
















Figure 2.4.4: Geometry Of Na(1) and Na(2) 
The CO2Na2(mhp)6 units are linked together through the sodiums by a 
bridging water molecule and a protonated ligand through the exocycic oxygen, 
which separate the sodiums by a distance of 3.587(10)A. The two oxygens make an 
angle of 81.7(4)° at Na(1) and 80.7(4)° at Na(2) with slightly larger angles of 
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99.7(4)° at the pyndone oxygen and 97.8(5)° at the water oxygen. These bridging 
ligands are arranged in a trans-type conformation across each CO2Na2 moiety. 
The bond lengths of the ligands to the cobalt centres are unremarkable, with 
the average distance being 2.088(1 1)A. At the sodiums the metal-ligand distances 
average at 2.445(13)A, which is longer than the average Na-O distance of 2.30A in 
the complex Na(benzo-15-crown-5)T. H20 116. However, these distances do vary 
over a wide range, from 2.276(14)A, Na(1)-0(2R), up to 2.800(1 1)A, Na(2)-
0(4R)#2. 
In the ligands themselves, within the CO2Na2(mhp)6 unit, the average C-O 
bond length is 1.303(15)A. This is comparable with the value of 1.287(3)A for the 
analogous distance in 2, indicating that the ligands are also in the keto conformation. 
The C-O bonds are slightly longer in 3 as the oxygens have to bridge two or three 
metal centres which causes a lengthening of the bond. The shortest C-O bond in 3 is 
1.254(1 1)A, C(7R)-0(7R), in the pyridone ligand that bridges across the two 
sodiums Na(l) and Na(2). This distance as well as being indicative of the keto form, 
also supports the suggestion that this ligand has become protonated. It should be 
noted that all the bond lengths, in the ligands and in particular the metal-donor 
bonds, must be treated with some caution due to the poor quality of the X-ray data. 
The arrangement of the polymers in the crystal and the overall polymeric 
structure is shown in Figure 2.4.5. The nearest contact between two polymers is 
3.225A, formed by two carbons on the pyridone rings. The nearest interaction of the 
methyl groups between adjacent polymers is longer at 5.738A- 
Whether the polymeric structure is the species in solution is open to question. 
This cannot be ruled out as it seems to be the preferred form that crystallises. 
Another possibility is that the species in solution is very similar to the 
CO2Na2(mhp)6 fragment, which picks up residual water from the solvent and ligand 
to crystallise in the form it does. Co(mhp)2 is probably present in the initial stages of 
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the reaction, but the cobalt would prefer to be six rather than four co-ordinate and 
hence picks up unreacted Na(mhp) to fulfil the co-ordination requirements. 
Figure 2.4.5: Packing Of The Polymers In The Crystal 
The CHN analysis of crude 3 is almost identical to that calculated for 
Co(mhp)2 but Na analysis by atomic absorption on the material is only 25% of what 
would be expected, therefore another form of cobalt-pyridone complex must be 
present as well as 3, prior to recrystallisation. 
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2.5 Synthesis & Structure of [Co(p.-bhp)(OAc)(4,4'-Me2-bipy)]2, 4 
Reaction of anhydrous cobalt(IT)acetate and Na(bhp) in MeOH afforded a 
dark purple solution. Removal of the MeOH and extraction with CH202 yielded 
another purple solution which was filtered. Addition of one equivalent of 4,4'-Me2-
bipy turned the solution yellow over a period of several hours after which time the 
solution was concentrated. Slow diffusion of ether into this solution afforded several 
crystals of suitable quality for X-ray diffraction studies. Analysis of the X-ray data 
revealed a centro-symmetric dimer of formula [Co(.i-bhp)(OAc)(4,4'-Me2-
bipy)]2.2CHCl2, 4.2CH2C12, the structure of 4 is shown in Figure 2.5.1. Atomic 
co-ordinates are listed in Table 2.5.1 and selected bond lengths and angles in Table 
2.5.2. 
Figure 2.5.1: Crystal Structure of 4 
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Table 2.5.1. Atomic coordinates (x 10) and equivalent isotropic displacement parameters 
(A x 10) for 4.2CH2C12 U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
x 	y 	z 	U(eq) 	 x 	y 	z 	U(eq) 
Co(1) 531(1) 6713(1) 264(1) 16(1) 
N(1B) -959(7) 6879(6) -869(5) 13(1) Br(1) -1665(1) 6122(1) 4558(1) 49(1) 
N(2B) -155(7) 8482(7) 1206(5) 20(2) O(1R) -828(6) 5222(5) 755(4) 19(1) 
C(IB) -1391(9) 5982(9) -1912(6) 18(2) C(1R) -1784(9) 5443(9) 1418(6) 18(2) 
C(2B) -2365(9) 6145(9) -2613(7) 21(2) C(2R) -3189(9) 5492(11) 1068(7) 27(2) 
C(3B) -2938(9) 7328(9) -2247(7) 24(2) C(3R) -4137(11) 5799(12) 1816(8) 39(3) 
C(4B) -3990(11) 7568(11) -2999(7) 38(3) C(4R) -3711(10) 5986(10) 2860(7) 32(2) 
C(5B) -2498(9) 8241(9) -1175(7) 23(2) C(5R) -2309(10) 5906(10) 3125(6) 28(2) 
C(6B) -1527(8) 8005(8) -502(6) 15(2) N(1R) -1357(7) 5643(7) 2448(5) 20(2) 
C(7B) -1045(8) 8924(8) 657(6) 17(2) O(1A) 2591(6) 8078(6) 81(5) 30(2) 
C(XB) -1492(9) 10138(9) 1180(7) 19(2) 02A) 2552(6) 7342(7) 1433(5) 30(2) 
C(9B) -1059(9) 10906(9) 2290(6) 22(2) C(1A) 3271(9) 8043(9) 892(8) 27(2) 
C(10B) -1595(10) 12199(9) 2861(7) 31(2) C(2A) 4932(10) 8781(12) 1221(9) 50(3) 
C(11B) -198(10) 10417(10) 2840(7) 27(2) C1(1) 2204(4) 9756(3) 4858(2) 62(1) 
C(1 2B) 255(11) 9239(10) 2264(7) 27(2) C1(2) 3789(4) 7685(4) 4813(2) 63(1) 
C(1S) 2450(16) 8028(15) 4093(9) 61(4) 
Table 2.5.2. Bond lengths [A] and angles [0]  for 4.2CH2C12 
Co(1)-0(1R) 2.024(6) C(1R)-N(1R) 1.352(10) 
Co( 1)-O(1R)#1 2.080(6) C(5R)-N(1R) 1.330(10) 
Co(1)-N(1B) 2.104(7) O(1A)-C(1A) 1.255(10) 
Co(l)-N(2B) 2.107(7) 0(2A)-C(1A) 1.283(10) 
Co(1)-O(1A) 2.138(7) C(IA)-C(2A) 1.505(12) 
Co(1)-0(2A) 2.201(8) Co(1)...Co(1)#1 3.1108(7) 
Co(l)-C(IA) 2.507(10) Cl(1)-C(1S) 1.792(13) 
Br(1)-C(5R) 1.911(9) C1(2)-C(1S) 1.738(13) 
O(1R)-C(1R) 1.314(9) 
O(1R)-Co(1)-O(1R)#1 79.6(3) N(IB)-Co(1)-C(1A) 129.6(3) 
O(1R)-Co(1)-N(1 B) 102.0(3) N(2B)-Co(1)-C(1A) 95.4(3) 
O(1R)#1-Co(1)-N(1B) 96.1(3) O(1A)-Co(1)-C(1A) 30.0(3) 
0(1 R)-Co(1)-N(2B) 94.4(3) 0(2A)-Co(1)-C(1A) 30.8(3) 
0(1R)#1 -Co(1)-N(2B) 170.4(2) C(1R)-O(1R)-Co(1) 127.6(5) 
N(1B)-Co(1)-N(2B) 77.7(3) C(1R)-O(1R)-Co(1)#1 131.3(5) 
0(1R)-Co(1)-0(1A) 157.3(2) Co(l)-O(1R)-Co(1)#1 100.4(3) 
0(1R)#1-Co(1)-O(1A) 93.3(3) N(1R)-C(5R)-Br(1) 115.5(6) 
N(IB)-Co(l)-O(1A) 100.1(3) C(1A)-O(1A)-Co(1) 91.5(5) 
N(2B)-Co(1)-0(1A) 95.1(3) 0(1A)-C(1A)-Co(1) 58.5(4) 
0(1R)-Co(1 )-0(2A) 98.1(3) C1(2)-C(1S)-C1(1) 110.3(7) 
0(1R)#1-Co(1)-0(2A) 94.9(3) 




Symmetry transformations used to generate equivalent atoms: #1 -x,-y+1,-z 
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The two cobalt atoms are separated by a distance of 3.108(7)A, longer than 
the separation found in 1, bridged by the two bhp ligands through the exo-cyclic 
oxygens only, resulting in the formation of a CO202 ring that is planar. The 
nitrogens do not bind to the metal centres and remain unprotonated. This is one of 
only a few examples of 2-pyridone ligands bridging metal atoms in this manner, the 
others being a very similar copper(H) complex of formula [Cu(chp)(t-chp)(2,2'-
bipy)] 102  and 1. This type of i-O bonding mode with the nitrogen unco-ordinated 
is usually reserved for complexes where the pyridones have become protonated at 
the nitrogen and is consequently unable to act as a donor atom., e.g. in 
[V202C14(Hmhp)3} 34. In the actual bridging bhp ligand, the anion can be considered 
to be in the enolate form. This is supported by the C-O bond length of 1.314(9)A and 
the adjacent C-N distance of 1.352(10)A. Comparing this to the analogous bond 
lengths in 2, where the mhp ligands are in the keto form, the C-O distance is shorter 
at 1.287(3)A and the slightly longer C-N bond length is slightly longer at 1.366(3)A, 
indicating a greater dominancy of the enol form in the bromo-substituted ligand. The 
JR spectrum of 4 also supports this claim, with the v(CO) appearing at 1596.2cm4 . 
The Co-O distances to the oxygen of the bhp ligands are very slightly 
different with one at 2.024(6)A and the other 2.080(6)A . The angle between the 
oxygens is 79.6(3)° and the angle at the oxygens 100.4(3)°. As a consequence of 
these uneven Co-O distances the plane containing the bhp ligands is not exactly 
perpendicular to a line joining the two metals, but deviates by 1.9(4)'. The co-
ordination sphere of each cobalt is then completed by a bidentate acetate and 4,4'-
Me2-bipy, making each cobalt six co-ordinate, compared with five co-ordinate, 
almost square pyramidal, in the similar copper(fl) complex 102. The geometry at each 
cobalt is thus distorted octahedral caused by the narrow bite of the acetate group, 
where O-Co-O is 60.8(3)° and the N-Co-N angle at the 4,4'-Me2-bipy ligand, 
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77.7(3)°. The other cis- angles only slightly deviate from 900,  varying from 93.3(3)°, 
O(1R)#l-Co-O(1A), to 102.0(3)°, O(1R)-Co-N(1B) and the trans-angles lie in the 
range 157.3(2)° to 170.4(2)° 
The appearence of the acetate groups is unexpected, as they have been only 
partially substituted by the bhp ligands in the initial reaction, compared to the 
formation of 2, where complete substitution of the acetates is achieved and the 
monomeric species results. The true nature of the species before the 4,4'-Me2-bipy 
was added is unclear. Evidence suggests that the simple monomer Co(bhp)2 is not 
formed, although microanalysis is consistent with this formula, as seen with 3, but 
some form of mixed pyridone-acetate complex is more likely. 
This also raises the question as to why only a partially substituted dimer was 
formed with bhp and only a monomer formed with mhp. This is possibly explained by 
the extra steric demands created by the bromine around the cobalt, bromine being 
much larger than a methyl group and not allowing full substitution of the acetates in 
the formation of the initial complex. This strain is increased by the ligation of the 
4,4'-Me2-bipy group which then forces the complex to dimerise. It is also possible 
that due to the greater electronegativity of the bromine substituent compared to that 
of the methyl substituent in mhp, the electrons are drawn away from the nitrogen of 
bhp making it a weaker donor to such an extent that the ligand can only bind through 
the exocyclic oxygen. 
The packing arrangement of 4 in the crystal is illustrated in Figure 2.5.2. The 
packing indicates the presence of intermolecular H-bonding between one oxygen of 
the acetate ligand and the hydrogen attached to the carbon in the 3-position of the 
4,4'-Me2-bipy ligand on an adjacent molecule. 
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Figure 2.5.2: Molecular Packing Of 4 
Also, the rings of the 4,4'-Me2-bipy ligand he over one another in a graphitic-
type interaction separated by a distance of 3.486A, shorter than the phen-phen 
interaction of 3.577k This can be seen clearer in the pair of molecules shown in 
Figure 2.5.3. The nearest Br-Br contact is around 4.7A. 
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Figure 2.5.3: it-Stacking In 4.2CH2C12 
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2.6 Synthesis & Structure Of CO2(92-Thp)2(thp)2(4,4'-Me2-bipy)2, 5 
In a reaction similar to that which formed 4, addition of Na(fhp) to a MeOH 
solution of Co(OAc)2, formed a dark purple solid which on extraction with 
acetonitrile formed a dark purple solution. To this solution was added one equivalent 
of 4,4'-Me2-bipy turning the colour of the solution to orange-brown. The product 
was recrystallised by slow ether diffusion into this solution and afforded dark orange 
crystals that were suitable for X-ray diffraction. Analysis of the structural data 
revealed a centro-symmetric dimer of formula CO2(fhp)4(4,4'-Me2-bipy)2.CH2C12, 
5.CH2C12, the structure of which is shown in Fig. 2.6.1. A list of atomic co-
ordinates are given in Table 2.6.1 and selected bond lengths and angles in Table 
2.6.2. 
Figure 2.6.1: Crystal Structure Of S 
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Table 2.6.1.Atomic coordinates (x 10) and equivalent isotropic displacement parameters 
(A2 x 10) for 5. U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
x y z U(eq) x y z U(eq) 
Co(1) 2896(1) 1319(1) 5431(1) 24(1) N(1D) 2592(2) 131(4) 6017(2) 24(1) 
N(1A) 3920(2) 482(4) 5624(2) 27(1) N(2D) 2236(2) 45(4) 4670(2) 26(1) 
O(1A) 3893(2) 1725(3) 6412(2) 31(1) C(ID) 2781(3) 262(5) 6702(3) 30(1) 
C(1A) 4287(3) -216(5) 5410(3) 33(1) C(2D) 2533(3) -500(5) 7047(3) 32(1) 
C(2A) 5026(3) -461(5) 5782(3) 39(2) C(3D) 2075(3) -1448(5) 6682(3) 32(1) 
C(3A) 5413(3) 69(5) 6444(3) 42(2) C(4D) 1806(3) -2308(6) 7037(3) 50(2) 
C(4A) 5070(3) 811(5) 6700(3) 37(2) C(5D) 1888(3) -1564(5) 5972(3) 29(1) 
C(5A) 4303(3) 1034(5) 6267(3) 31(1) C(6D) 2148(3) -769(4) 5655(3) 22(1) 
F(1A) 3856(2) -717(3) 4756(2) 44(1) C(7D) 1969(3) -851(5) 4894(3) 26(1) 
N(iB) 3367(2) 2645(4) 3925(2) 29(1) C(6D) 1572(3) -1780(5) 4451(3) 26(1) 
O(1B) 2918(2) 2491(3) 4700(2) 25(1) C(9D) 1431(3) -1794(5) 3747(3) 31(1) 
C(1B) 4584(3) 3456(5) 4310(3) 40(2) C(1OD) 987(3) -2772(5) 3263(3) 44(2) 
C(2B) 4697(3) 3550(5) 4991(3) 37(1) C(I1D) 1718(3) -885(5) 3532(3) 34(1) 
C(3B) 4140(3) 3212(5) 5135(3) 32(1) C(12D) 2108(3) 16(5) 3995(3) 30(1) 
C(4B) 3917(3) 2997(5) 3819(3) 37(2) C1(1) 207(1) 366(2) 1944(1) 56(1) 
C(5B) 3476(3) 2772(4) 4589(3) 24(1) C(IS) 0 1257(8) 2500 46(2) 
F(1B) 3771(2) 2867(3) 3132(2) 57(1) 
Table 2.6.2. Bond lengths [A] and angles [1 for 5. 
Co(1)-O(1B)#1 2.057(3) N(IB)-C(4B) 1.318(7) 
Co(1)-O(1B) 2.073(3) N(1B)-C(5B) 1.339(6) 
Co(l)-N(2D) 2.106(4) O(1B)-C(5B) 1.318(5) 
Co(1)-N(1D) 2.131(4) O(1B)-Co(1)#1 2.056(3) 
Co(l)-O(IA) 2.156(4) C(4B)-F(1B) 1.363(6) 
Co(1)-N(1A) 2.158(4) N(1D)-C(1D) 1.335(6) 
N(1A)-C(1A) 1.319(7) N(1D)-C(6D) 1.336(6) 
N(1 A)-C(5A) 1.364(7) N(2D)-C(12D) 1.343(6) 
O(1A)-C(5A) 1.295(6) N(2D)-C(7D) 1.349(6) 
C(IA)-F(IA) 1.366(6) Cl(1)-C(1S) 1.767(5) 
O(1B)#1-Co(1)-O(1B) 78.08(14) 
























Symmetry transformations used to generate equivalent atoms: #1 -x, -y+1/2, -z+1, 
2 -x, y, -z+1/2 
84 
The stucture is similar to that of 4, with the major difference being that the 
acetates in 4 are replaced by chelating thp ligands. The metals are separated by a 
distance of 3.208(6)A, longer than that of 3.108(7)A found in 4. The metals are 
bridged by two of the four flip ligands through the exocyclic oxygens only, forming a 
near planar CO202 ring. The distances to the bridging oxygen are slightly different 
with one at 2.057(3)A and the other 2.073(3)A, a smaller difference than the 
corresponding distances in 4. The angles in the CO202 ring are very similar to those 
in 4, with the Co-O-Co angle 101.92(14)° and the O-Co-O angle 78.08(14)°, 
compared to 100.4(3)° and 79.6(3)° in 4. The bridging flip ligand can be considered 
to be in the enolate form with the C-O bond length at 1.318(5),k and the C-N bond 
length at 1.339(6)A, similar to 1.314(9)A and 1.339(6)A in 4. Whereas, the chelating 
ligands are predominantly in the keto form, as are the mhp ligands of 2. In the flip 
chelating ligands the C-O bond length is 1.295(6)A and the C-N distance is 
1.364(7)A, compared to the analogous distances in 2 of 1.287(3)A and 1.366(3)A. 
The mean Co-O distance to the chelating fhp ligand is 2.156(4)A which is 
comparable to the corresponding average Co-O distance of 2.157(2)A to the mhp 
ligands in 2. However, the Co-N(pyridone) distances in 5 are 2.158(4)A, longer than 
the 2.117(2)A found in 2. This can possibly be explained by the effect mentioned in 
Section 2.5, whereby the greater electronegativity of the fluoro- substituent, over the 
methyl groups in 2, decreases the basicity of the ring nitrogen towards the cobalt and 
hence the Co-N bond length is increased. There is no effect on the exocyclic oxygen 
donor as this is too far from the fluoro- substituent to feel any of this effect and 
consequently the Co-O distances to chelating ligands are similar in both 2 and 5. 
The co-ordination of the cobalt is completed by a 4,4'-Me2-bipy ligand 
making each cobalt six co-ordinate. This again contrasts the presence of a five-
cordinate copper in the complex [Cu(chp)2(2,2'-bipy)]2 102, where all chp ligands 
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bind only through the exocydic oxygen. The geometry around the cobalt is distorted 
octahedral due to the presence of both the chelating fhp ligand which makes an angle 
of 62.0(2)° at the cobalt, slightly more compressed than the average angle in 2 of 
62.94(7)° and the 4,4'-Me2-bipy ligand, also having a narrow bite angle of 76.3(2)°. 
The remaining cis- angles vary from 88.3(2)° up to 108.5(2)°, a wider range than in 4 
and the trans- angles from 148.4(2)° to 166.2(2)°. 
The appearence of the fhp ligands in two differnent co-ordination modes is 
highly unexpected as well as unusual. The absence of a chelating bhp ligand in 4 was 
assumed to arise from the greater electronegativity of bromine compared to that of 
the methyl substituents in 2, thus decreasing the basicity of the ring nitrogen and 
consequently its tendancy to co-ordinate. The fluorine substituent is more 
electronegative than the bromine and would be expected to reduce the basicity of the 
nitrogen to the extent that co-ordination to the metal through the ring nitrogen 
would not be possible. However, it is seen here that the electronegativity does not 
seem to affect this situation and a chelating ftp ligand is present when only co-
ordination of a L-ftp ligand would be expected. 
The 1 H NMR spectrum is consistent with the stoichiometry of the complex 
with a 2:1 ratio of ftp to 4,4'-Me2-bipy. However, the spectrum would be expected 
to show separate signals for the bridging ftp ligands and the chelating ftp ligands. 
This is not observed and the 19F NMR shows one broad signal centred around 
140ppm suggesting the fhp ligands have become equivalent and indicates the dimer 
perhaps dissociates in solution to form the monomeric species Co(ftp)2(4,4'-Me2-
bipy). 
86 
The packing of 5 in the crystal is shown in Figure 2.6.2. There exists 
hydrogen bonds between the fluorine of the chelating ligand and the proton in the 3-
position on a 4,4'-Me2-bipy ligand of an adjacent molecule. Also, particular 4,4'-
Me2-bipy ligands stack above one another with the distance between their planes 
about 3.7A, this is seen more clearly between the two molecules shown in Figure 
2.6.3. 
Figure 2.6.2: Molecular Packing Of 5.CH2C12 
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Figure 2.6.3: H-Bonding In 5 
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2.7 Synthesis And Structure Of Co(4,4'-Me2-bipy)(bhp)2, 6 
Reaction of anhydrous cobalt(II)acetate with the sodium salt of Hbhp in 
MeOH resulted in the formation of a dark purple solution. Removal of the MeOH 
and extraction with CH2C12 afforded another dark purple solution. Addition of one 
equivalent of 4,4'-Me2-bipy turned the colour of the solution to red over a period of 
a few hours. After reducing the volume of the solvent, slow diffusion of ether into 
the solution yielded dark orange crystals that were suitable for single crystal X-ray 
diffraction studies. Analysis of the structural data revealed a mononuclear complex of 
formula Co(bhp)2(4,4'-Me-bipy). H20, 6.H20. The structure of 6 is shown in 
Figure 2.7.1 and atomic co-ordinates and selected bond lengths and angles are shown 
in Tables 2.7.1 and 2.7.2, respectively. 
This is an unexpected result and contrasts the formation of 4 which not only 
possesses a dimeric structure but also bhp ligands that are only bonding to the cobalt 
centre through the exocydic oxygen, leaving the ring nitrogen unco-ordinated and 
there are chelating acetates, whereas in 6, the bhp ligands are chelating only and 
there are no acetate ligands present. The structure is similar to that of 2, containing 
two chelating pyridone ligands and an N• . N' donor ligand to complete the co-
ordination of the cobalt. 
The co-ordination mode of these bhp ligands is surprising. Pyridone ligand 
have a narrow 'bite' and are usually found bridging between more than one metal 
centre as opposed to chelating which imposes steric distortions away from the ideal 
octahedral geometry, as seen in 2, 3 and 5. Another surprising feature is the presence 
of chelating ligands with relatively electronegative bromine substituents compared to 
the methyl groups in 2. It is conceivable that the bromine would divert electron 
density away from the ring nitrogen in the pyridone and reduce its basicity and hence 
its propensity to co-ordinated to the cobalt. This concept explained the structure of 4 
where the bhp ligand co-ordinated only through the oxygen, yet in the structure of 5 
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Table 2.7.1 Atomic co-ordinates (x 10) and equivalent isotropic displacement parameters 
(A2 x 10) for 6.1-120 U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor. 
x 	y 	z 	U(eq) 	 x 	y 	z 	U(eq) 
Co(1) 2225(1) -2769(1) 6927(1) 20(1) Br(1B) 2942(1) -3518(1) 9722(1) 30(1) 
N(1A) 822(5) -2173(5) 7840(3) 20(1)  2037(5) -1662(5) 5812(3) 22(1) 
0(1A) -370(5) 4148(4) 6648(3) 28(1)  4465(5) -863(5) 7354(3) 22(1) 
C(1A) -578(6) -3430(6) 7368(4) 23(1) C(1 D) 753(7) -2125(6) 5033(4) 26(1) 
C(2A) -2049(7) -3857(6) 7702(4) 32(1) C(21)) 685(7) -1286(7) 4351(4) 29(1) 
C(3A) -2053(8) -3023(7) 8498(5) 41(2) C(3D) 1997(7) 110(6) 4457(4) 24(1) 
C(4A) -624(8) -1753(7) 9004(5) 36(2) C(41)) 1972(8) 1095(7) 3757(4) 36(2) 
C(5A) 741(7) -1400(6) 8617(4) 25(1) C(51)) 3330(6) 573(6) 5244(4) 21(1) 
Br(2A) 2751(1) 348(1) 9221(1) 32(1) C(6D) 3321(6) -314(6) 5907(4) 18(1) 
N(1B) 2993(5) -4123(5) 7827(3) 19(1) C(71)) 4712(6) 116(6) 6765(4) 19(1) 
O(1B) 2904(5) 4314(4) 6273(3) 29(1) C(8D) 6166(6) 1421(6) 6962(4) 23(1) 
C(JB) 3171(6) -4836(6) 7025(4) 23(1) C(9D) 7423(7) 1743(6) 7786(4) 25(1) 
C(2B) 3585(7) -6043(6) 7062(4) 27(1) C(1OD) 9027(7) 3109(7) 8001(5) 37(2) 
C(3B) 3790(7) -6488(6) 7913(4) 29(1) C(11D) 7128(7) 741(6) 8391(4) 26(1) 
C(4B) 3586(7) -5771(6) 8736(4) 27(1) C(12D) 5664(7) -527(6) 8157(4) 27(1) 
C(5B) 3197(6) 4604(6) 8639(4) 21(1) 0(1W) 3509(5) 6160(5) 4483(3) 39(1) 
Table 2.7.2: Selected Bond lengths [A] and angles[*] for 6. 
Co(1)-0(1B) 2.076(4) N(1A)-C(1A) 1.371(7) 
Co(l)-N(2) 2.079(5) 0(1 A)-C(1A) 1.283(6) 
Co(l)-N(l) 2.085(5) C(5A)-Br(2A) 1.918(6) 
Co(1)-0(1A) 2.120(5) N(1B)-C(5B) 1.334(7) 
Co(l)-N(1A) 2.170(5) N(1B)-C(1B) 1.363(7) 
Co(1)-N(1B) 2.210(5) 0(1B)-C(1B) 1.290(7) 
N(1 A)-C(5A) 1.324(7) C(5B )-Br(1 B) 1.909(5) 
0(IB)-Co(1)-N(2) 102.8(2) C(1A)-N(1A)-Co(1) 	89.5(3) 
0(1B)-Co(1)-N(1) 99.3(2) C(1A)-0(1A)-Co(1) 	94.1(3) 
N(2)-Co(l)-N(l) 78.2(2) 0(1 A)-C(1A)-N(1A) 113.6(5) 
0(1B)-Co(1)-0(1A) 97.5(2) 0(1A)-C(1A)-C(2A) 125.9(5) 
N(2)-Co(l)-O(1A) 159.5(2) N( 1A)-C(5A)-Br(2A) 114.6(4) 
N(1)-Co(1)-0(1A) 95.5(2) C(4A)-C(5A)-Br(2A) 119.6(4) 
0(1B)-Co(1)-N(1A) 150.9(2) C(5B)-N(1B)-Co(1) 	153.1(3) 
N(2)-Co(l)-N(IA) 99.7(2) C(1 B)-N(1B)-Co(1) 	87.7(3) 
N(1)-Co(1)-N(1A) 103.2(2) C(1B)-0(1B)-Co(1) 	95.7(3) 
0(1A)-Co(1)-N(1A) 62.4(2) 0(1 B)-C(1B)-N(1B) 114.0(5) 
0(1B)-Co(1)-N(1B) 62.4(2) 0(1B)-C(1B)-C(2B) 125.8(5) 
N(2)-Co(1)-N(1B) 97.0(2) N(1B)-C(5B)-Br(IB) 115.3(4) 
N(1)-Co(1)-N(1B) 160.0(2) C(6D)-N(1)-Co(1) 	115.8(3) 




which contains fhp ligands and therefore a more electronegative fluoro-substituent 
than bromine, chelating ligands are present. This confirms that the electronegativity 
of the 6-substituent is not a factor in influencing the co-ordination mode of the 
pyridone and that some other factor is more dominant. 
Figure 2.6.1: Crystal Structure of 6 
The geometry around the cobalt in 6 is distorted octahedral, due to the 
presence of the two chelating bhp ligands and the 4,4'-Me2-bipy ligand which also 
has a narrow bite angle. The 0-Co-N angles involving the pyridone ligands are 
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62.4(2)°, similar to those in 2 of 62.94(7)° and 62.0(2)° in the chelating fhp ligands of 
5. The Co-O in 6 are 2.076(4)A and 2.120(5)A slightly shorter than the average Co-
0 distance of 2.156(2)A in 2 and 5. The Co-N(pyridone) distances average 
2.190(5)A longer than those found in 2 at 2.117(2)A and longer than 2.158(4)A 
found in 5. 
The bhp ligands can be considered to be predominantly in the keto form as 
the average C-O and C-N distances are 1.286(7)A and 1.368(7)A respectively almost 
identical to those of 1.287(3)A and 1.366(3)A found in 2, where the mhp ligands 
were found to be mainly in the keto form. 
The arrangement of the ligands is similar to that found in 2. The exocyclic 
oxygens of the pyridones are arranged cis- to one another as are the pyridone 
nitrogens. The cis- angles, other than those caused by the pyndone and 4,4'-Me2-
bipy ligands range from 95.1(2)0 to 99.7(2)0, slightly less than those found in 2 which 
range up to 102.24(7)0. The trans- angles in 6 are considerably less than ideal, 
ranging from 150.9(2)0 to 160.0(2)°, similar to the distortions found in 2. 
The packing of 6.H20 in the crystal is shown in Figure 2.7.2, with the view 
looking down the a-axis. It can be seen that there exists a considerable amount of 
hydrogen bonding cause by the presence of solvent water molecules. Two water 
molecules sit in a cavity formed by eight molecules of 6. The water oxygens can then 
interact with protons in the 3-positions of 4,4'-Me-bipy ligands in adjacent 
molecules of 6 at an average distance of 2.4A. Also, the protons on the water 
molecules are involved in hydrogen bonds to the exocycic oxygens of the chelating 
bhp ligands. These are considerably stronger than those to the 4,4'-Me-bipy ligands 
with an average H• . .0 distance of 1.9A. 
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Figure 2.7.2: Molecular Packing of 6.H20 
Another feature to note of the packing are the intramolecular Br• •Br 
contacts at about 3.8A. Also, there is no apparent stacking between adjacent 4,4'-
Me2-bipy molecules which contrasts the packing of 4 and 5 where graphitic-type 
interactions were very much in evidence. 
2.8 Synthesis of Other Cobalt-Pyridone Complexes 
As with the synthesis of Co(mhp)2(phen) by thermolysis, it was possible to 
apply the synthetic method to other potential pyridone ligands which had comparable 
melting points to Hmhp, in particular Hchp and Hhp, as the differences in 
electronegat.ivity of the 6-substituent may have an effect on the final structure, as is 
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seen with copper complexes of mhp and chp 26'28J02. Also varying the N-N' donor 
ligand from phenanthroline to 2,2'-bipyridyl or 4,4'-dimethyl-2,2'-bipyridyl may have 
an effect upon the structure. 
As well as Co(mhp)2(phen), which was identified structurally, it was also 
possible to isolate similar complexes of the mhp ligand, Co(mhp)2(2,2'-bipy), as 
previously mentioned 105 , and Co(mhp)2(4,4'-Me2-bipy) by this method. The 
structures are presumably similar to that of 2, with bidentate mhp ligands and the JR 
spectra of the solids mulled in Nujol reveal a strong peak around 1600cm -1 , 






Table 2.8.1: v(CO) Stretching Frequencies of Co(mhp)2L complexes 
Similarly, compounds of the 6-chioropyridone ligand were prepared by the 
thermolysis reaction. The initial compound, tentatively formulated as Co(chp)2, 
although this is unlikely as in the analogous compound of the 6-methyl substituent, 
could not be fully characterised but reaction of this material with bipy, 4,4'-Me2-bipy 
and phen led to formation of complexes directly analogous to 2, i.e.,Co(chp)2L. The 
IR of the solids again revealed a strong absorption around 1600cm, listed in Table 
2.8.2. 
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Table 2.8.2: v(CO) Stretching Frequencies of Co(chp)2L complexes 
These stretching frequencies are noticeably lower than their 
corresponding mhp analogues, cf. 16 13.7cm-1 in 2, this is attributed to the more 
electronegative chioro-substituent at the 6-position on the pyridone which influences 
the position of the keto-enol tautomerism. It is generally found that electronegative 
groups, such as chioro-, prefer the enol form of the ligand and this is highlighted here 
in the above v(CO) stretching frequencies. 
No structural comparisons could be made with 2, because of the difficulty 
experienced in growing crystals of Co(chp)2L. However, on attempting to 
rectystallise Co(chp)2(phen), crystals were grown but X-ray analysis revealed them 
to be Co(phen)3C12, a structure previously reported 117, but with C104 counterions 
instead of chloride. The appearance of the chlorides is surprising as there was no 
source of chloride in the starting materials. The most likely explanation of their origin 
is by abstraction from the solvent, CH2C12. The complete substitution of the 
pyridones by the phen is also greatly unexpected and this is probably due to the 
greater basicity of phen than that of the chp ligand and has displaced them over time 
in solution. Also, when attempting to crystallise Co(chp)2(4,4'-Me2-bipy), small red 
crystals were grown and X-ray analysis revealed the structure to again contain no 
pyridone ligand, but in fact an unknown 4,4'-Me2-bipy adduct of cobalt(H)acetate, 
cis-Co(OAc)2(4,4'-Me2-bipy)2.2CH2C12, the structure of which is shown in 
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Appendix 2. 1, along with atomic co-ordinates, selected bond lengths and angles. The 
surprising feature of this structure is that not only have the 4,4'-Me2-bipy ligands 
displaced the pyridones but also the cis- isomer has formed. O!le  would expect a 
preference for the trans- isomer as this would probably have less steric crowding 
with the 4,4'-Me2-bipy ligands and the cobalt atom in a plane and the monodentate 
acetates above and below this plane. 
With the unsubstituted 2-pyridone, analogous compounds to 2 were 
identified with 2,2'-bipy and its derivatives. Mass spectra reveals again a monomeric 
structure with presumably bidentate pyridonates. The IR spectra of the solids mulled 
in Nujol have the characteristic C-O stretch at c.l600cm which are listed in Table 
2.8.3. 




(4,4'-Me -bipy)  
1606.7 
'Co(hp)2t 1609.7 
Table 2.8.3: v(CO) Stretching Frequencies of Co(hp)2L complexes 
Again, no structural comparisons were possible due the difficulty in obtaining 
crystals of these compounds. As with Co(chp)2(phen) crystallising as Co(phen)3C12, 
the compound that initially analysed as Co(phen)(hp)2 reciystallised as 
Co(phen)2C12, a previously unknown structure for cobalt, where the chlorides are 
arranged in a cis- conformation. Again this demonstrates the high basicity of phen, 
being able to displace the hp ligands. The structure of Co(phen)2C12 is shown in 
Appendix 1. 1, along with atomic co-ordinates, bond lengths and angles. 
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To extend the range of cobalt compounds of pyndone and compare them 
with the known structures, syntheses with other ligands were attempted. These 
embraced not only 6-substituted ligands but 4- and 5- and even di-substituted 
pyridones. Syntheses were carried out with 5-chloro- and 4-methylpyridones but 
unfortunately no complexes were assigned exactly. Reaction of cobalt(H)acetate 
with 4-methylpyridone afforded a dark purple solid that upon reaction with phen 
produced a yellow solid. Crystals were grown from a CH202 and X-ray analysis 
revealed them to be Co(phen)2C12, identical to the compound recrystallised from 
Co(phen)(hp). 
2.9 	Comparison of Structures of Copper(H) and Cobalt(II) with 2- 
Pyridones 
It was apparent from Section 1.3.8 that there exists a greater amount of 
structural information on complexes of copper(H) 2-pyridones than is known for the 
cobalt(H) complexes of these ligands. Despite this there is sufficient evidence to 
show that some of the variety of bonding modes of 2-pyridones, if not the structures, 
are common to both metals. 
In the monomeric copper and cobalt complexes of the protonated ligands 
known and structurally characterised, Co(Hmhp)4(NO3)2 107 and 
Cu(Hhp)6(C104)290, the 2-pyridones bond to the metal through the exocyclic 
oxygen only. This indicates the presence of the ligand in the keto tautomer. In the 
copper complex the metal is co-ordinated to six ligands whereas in the cobalt 
complex only four ligands are attached and the other two co-ordination sites are 
filled with two nitrates arranged trans-. The Co-O distances are all similar ranging 
from 2.076(3) to 2.116(2)A for Co-O(pyndone) and the Co-O(nitrate) average 
2.107(3)A. In contrast, the bonds between copper and the pyridone oxygens are 
tetragonally distorted and exist as long and short contacts. The four short equatorial 
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bonds average 1.937(2)A and the two longer axial contacts 2.546(2)A. This 
tetragonal distortion is a result of the non-spherical distribution of electron density in 
the d2  orbital. 
A second type of monomeric complex common to both metals are of the 
unprotonated ligand, mhp and a bipyridyl derivative. In Cu(2,2'-bipy)(mhp)2 102 the 
tetragonal distortion is again evident with two long contacts of 2.540(10)A and 
2.598(9)A to the pyridone oxygens and shorter Cu-N distances averaging 
1.999(1 1)A. The geometry of the CuN4 is of a compressed tetrahedron rather than a 
square plane as would be expected in an ideal octahedral arrangement of ligands. The 
nearest comparable complex of cobalt is 2, Co(phen)(mhp)2. In this complex the 
ligands are arranged octahedrally, albeit distorted due to the narrow bite angle of 
both ligands. The metal-ligand distances are all comparable with the average Co-O 
distance 2.159(3)A and the Co-N distance 2.123(3)A. Another difference in the 
arrangement of the ligands in 2 is that the oxygen donors from the pyridone are cis-
to one another whereas they are trans- in the copper compound. In both complexes 
the ligands themselves are predominantly present in the keto tautomer, with the C-O 
bond lengths in the pyridone 1.27(3)A in Cu(2,2'-bipy)(mhp)2 and slightly longer at 
1.293(4)A in 2. 
Binuclear complexes of copper and 2-pyridone of general formula Cu2(xhp)4 
are now well established26 ' 99 . Reaction of Cu2(chp)4 with two equivalents of 2,2'-
bipy forms Cu2(chp)4(2,2'-bipy)2 102, Figure 1.3.20, in which the pyridone ligands 
are all forced to bond only through the exocycic oxygen a bonding mode only seen 
before in complexes of the protonated ligand. 
Two ligands bridge the two metals forming a Cu202 ring and the remaining 
two are only monodentate to the copper centres. With the 2,2'-bipy this makes each 
copper five co-ordinate with a square pyramidal geometry. Two similar dinuclear 
M. 
complexes of cobalt have been synthesised, 4 and 5 described in Sections 2.5 and 
2.6. 
The major differences are the geometries of the metals which are octahedral 
in 4 and S caused by the ligation of a bidentate acetate or chelating fhp. The Cu202 
ring formed has long and short Cu-0 contacts of 1.942(2)A and 2.339(2)A. In 4 the 
CO202 ring is more symmetrical with similar Co-O distances of 2.024(6)A and 
2.080(6)A. The angles in the M202 rings are comparable in both complexes with 
Cu-0-Cu 101.7(1)° and O-Cu-O 78.3(1)° and Co-O-Co 100.4(1)° and O-Co-O 
79.6(3)°. The metal-metal distances are however slightly different, as Cu• Cu is 
3.3295(4)A and the Co. •Co distance shorter at 3.108(7)A. Magnetic studies show 
that in both complexes the metals are antiferromagnetically coupled but 4 only shows 
this property at low temperatures 118  whereas Cu2(chp)4(2,2'-bipy)2 has a low 
magnetic moment at room temperature 102. Both complexes have been shown by 
spectroscopy to be monomeric species in solution. The physical properties of 4 are 
discussed in Chapter 3 in greater detail. 
The bonding mode of the unprotonated 2-pyridones bridging through the 
exocylic oxygen only is also present in the complex 1. 
The unique duodecanuclear structure mentioned previously, 
C012(OH)6(OAc)6(mhp)12 105 , can, to a limited degree, be compared to the 
octanuclear copper complex shown in Figure 1.3.21, Cu802(OAc)4(mhp)8 101 . In 
the reaction of the metal acetate and the ligand only partial substitution occurred and 
both complexes form containing bridging acetate and mhp ligands, although in the 
octanuclear structure the mhp ligands bridge two or three metals with the nitrogen of 
mhp binding to one copper and the exocydic oxygen binding to another one or two 
metals. In the cobalt structure each mhp ligand is bidentate to one metal and the 
oxygen then forms bonds to another one or two metals. All cobalt atoms are six co- 
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ordinate in contrast to six four co-ordinate and two six co-ordinate atoms in the 
octanuclear copper structure. 
For both metals, compounds are known in which a heteroatom is 
incorporated into the molecule but the structures are entirely different. For copper 
exists the hexamer Cu6(mhp)12 28, which has a cyclic structure and forms a 
metallocrown and a sodium ion is encapsulated in the cavity. For cobalt the polymer 
3 has been structurally characterised and was shown to contain repeating units of 
Co2Na2 bridged by mhp ligands. 
There is no copper analogue for the linear trinuclear cobalt species 1, but 
similar nickel complexes have been isolated 78 . The structure of one example is 
shown in Figure 1.3.14 and similarly to the cobalt complex the three Ni(ll) centres 
are arranged linearly and each adjacent pair bridged by two chp ligands binding 
through their exocyclic oxygens only and an acetate, compared to three chp ligands 
in 1. The two outer nickel atoms are each bound to three molecules of ethanol via 
the oxygen. These oxygens also take part in H-bonding with the nitrogens of the chp 
ligands. The second complex is very similar with the six outer ethanol ligands being 
replaced by six methanols. 
As mentioned, complexes of the type Cu2(xhp)4 are well known but no 
similar structure with 2-pyridone ligands is known for cobalt. Although Co(mhp)2 
has been reported, no structural evidence was given and attempts to recrystallise the 
complex in this form led to the isolation of the polymer 3. A common property 
apparent in all the structurally characterised cobalt complexes containing pyridone is 
that the metal always has an approximate octahedral geometry. This contrasts greatly 
to the complexes of copper which show a number of copper co-ordination 
environments mostly four co-ordinate as square planar, or five co-ordinate square 
pyramidal. This greater flexibility in the co-ordination geometry of copper may 
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explain why so many more copper complexes of pyridones are known and those of 
cobalt have been slow in appearing. 
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Chapter 3 
Physical And Reactivity Studies Of Cobalt Pyridones 
3.1 NMR Studies 
3.1.1 Effects of Paramagnetism on NMR Spectra 
Paramagnetism arises due to the tendency of magnetic orbital angular 
momentum to orientate itself in a magnetic field. It is characterised by unpaired 
electron spins in an molecule and by an attraction of the sample to high magnetic field. 
The magnetic induction is larger than the magnetic field in which the sample sits and 
results in a positive contribution to the magnetic susceptibility. 
The electron has a very large magnetic moment, —10 3 times that of the 
proton, therefore unpaired electrons present in a sample generate a local magnetic 
field, which in general will have a non-zero average value and thus will have a 
marked effect on the NIvIR spectrum. The nuclear and the electron spin angular 
momenta will couple to the magnitude of A, the hyperfine coupling constant, through 
interactions via the bonds, this is known as the contact shift, or by a dipole-dipole 
interaction, where the electron creates a through-space dipolar field at the nucleus, 
the pseudo-contact shift. 
The consequences that are ultimately seen in the spectrum depend on the 
electron relaxation time, T1. The relaxation processes in a paramagnetic substance 
can be very efficient and take place by two pathways: through the electron-nuclear 
dipolar mechanism, some 106  times faster than nuclear-nuclear dipole relaxation, as 
the magnetogyric ratio of the electron is approximately 650 times that of a proton 
and by transfer of unpaired electron density to the relaxing atom itself. If lIT1 is 
comparable with A (—MHz), then the peaks in the NMR spectrum are broadened, 
possibly beyond recognition, but if lIT1 >> A, then the lines are observed, although 
perhaps broader than normal and show large shifts beyond those normally observed 
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for protons, in say, organic molecules. The first shifts due to unpaired electrons was 
observed in 1949 in metals by W.D. Knight 119 and these paramagnetic shifts are 
often termed Knight Shifts. 
The extent to which the lines are broadened is a consequence of the 
Uncertainty Principle, depending upon the precision to which the energies of the 
levels between which the transitions occur are defined. Uncertainty in energy, AE, 
must meet the criteria AEAt ~! h. The line width, which is uncertainty zv, of a 
transition occurring between two levels is therefore given by Av ~! lIirtt and the line 
width is therefore proportional to 1IT1. 
If there is a contact shift between the proton of a hydrogen atom and the 
electron and T1 > l, such that the spectrum can be resolved, then the 1 H NMIR 
spectrum will consist of two lines either side of the signal position if there were no 
coupling. If, however, T1 <A 1 then only a singlet is observed at the weighted mean 
between the original doublet but unlike the case of purely nuclear-nuclear coupling 
the weighted mean will not be at the mid-point but shifted, by an extent 6K'  the 
Knight Shift. In nuclear-nuclear, or .1, coupling the population difference between the 
components of the doublet is small and so is the energy difference at a few Hz. For A 
coupling the lines are separated by MHz and the population difference is large and 
consequently the resulting spectrum is shifted. The amount of shift depends on the 
total electron spin quantum number S and the sign and magnitude of A, such that: 
8 	
Agj3S(S + 1) 
K 
3YNhkT 
The hyperfine coupling constant is given by the equation, 
A = pQS4 
where p is the unpaired spin density, and Q a constant dependent on the particular 
system. 
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The contribution to the overall shift from the pseudo-contact shift is 
determined by an equation of the form a(3cos 2 0— 1)/r 3 , where a is a constant, r the 
distance between the two nuclei and 8 the angle between the intranuclear vector and 
the field direction. This is the behaviour expected for a dipole-dipole interaction, i.e., 
a hr3 dependence. Therefore the closer the proton to the paramagnetic centre, i.e., 
Co(H), the greater contribution the pseudo-contact shift makes to the overall shift. 
3.1.2 NMR Studies of Cobalt-Pyridones 
A range of the cobalt-pyridone complexes discussed in Chapter 2 were 
analysed by 1 H NMR as solutions in CDC13. These were compounds of the 6-
substituted-2-pyridones mhp, chp, bhp and fhp and 2,2'-bipy derivatives. The use of 
59Co NMR, (I = 7/2), has limited application in the study of cobalt complexes. The 
nucleus has a large quadrupole moment and its signals are generally very broad and 
so it was not utilised in the study of these complexes. 
All spectra showed the characteristic shifting of the signals caused by the 
paramagnetism of the cobalt(III) and the most striking feature is the wide range over 
which the shifts were spread while still remaining relatively sharp. 
The 1 H NMR spectrum of 2, Co(mhp)2(phen) would be expected to show a 
set of eight resonances; four from the phenanthroline ligand, due to the symmetry, of 
ratio 1:1:1:1 and the mhp ligand would also show four resonances, three for the 
aromatic protons at the 3,4 and 5 positions and one for the three methyl protons. 
This latter signal would be three times the intensity of the aromatic protons. The two 
mhp ligands are made equivalent due to tumbling in solution. 
The amount a proton is shifted is proportional to the amount the hydrogen 
nucleus and the unpaired electron, (or electrons), of the paramagnetic species couple, 
the contact shift. This is a through bond interaction and therefore the distance from 
the paramagnetic centre, i.e., Co(ll), to the proton will determine how much the 
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signal is shifted. However, in aromatic systems this effect is complicated by the 
delocalisation of the electron density in the ring. 
In the spectrum of 2, shown in Figure 3.1.1, seven peaks are observed, listed 
in Table 3.1.1, with the same integral and one resonance at -22.5ppm, three times the 
integral of the other seven. This large peak must be due to the six methyl protons of 
the mhp ligand and is broadened, which is usual for paramagnetic species. By 
association the other broadened peaks in the spectrum can be attributed to the other 
three protons in mhp, with peaks centred at 16.95, 52.99 and 83.37ppm. The four 
remaining peaks can be assigned to the protons of the phenanthroline ligand. 









Table 3.1.1: Proton Chemical Shifts and Relative intensities of 2 
In the analogous complex Co(mhp)2(4,4'-Me2-bipy) the spectrum shows a 
similar pattern of wide ranging shifts, Figure 3.1.2. In this complex again eight peaks 
would be expected. However, the four sets of methyl protons, two on the 4,4'-Me2-
bipy and two from the two mhp ligands, would give a signal three times that of the 
aromatic protons. The proton shifts are listed in Table 3.1.2. 
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Figure 3.1.2: 'H NMR Spectrum Of Co(mhp)2(4,4'-Me2-bipy) 
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In the spectrum peaks at -19.66 and -4.12ppm have similar integrals and are 
three times those of six other similar integral signals, as expected. By comparison 
with the spectrum of 2, the resonance at -19.66ppm is most likely due to the methyl 
protons of the mhp ligands, this appears at -22.5ppm for those in 2. The resonance at 
-4. l2ppm is therefore likely to be that from the six methyl protons in the 4,4'-Me2-
bipy ligand. This is also supported by the general assertion that the further away the 
protons from the paramagnetic centre the less they are shifted and the methyl protons 
of the 4,4'-Me,)-bipy ligand would be further away than those of the mhp ligand. 









Table 3.1.2: Proton Chemical Shifts of Co(mhp)2(4,4'-Me2-bipy) 
In the chioro-substituted ligand, chp, the major difference from the mhp 
ligand is that it would only give three signals in the 'H NMR, one for each of the 
aromatic protons, as the methyl is replaced. This would result in seven signals being 
observed from the complex Co(chp)2(4,4'-Me2-bipy). The spectrum is shown in 




Figure 3.1.3: 1 H NMR Spectrum Of Co(chp)2(4,4'-Me2-bipy) 
The signal from the methyl protons in 4,4'-Me2-bipy is seen at -l.l73ppm, 
around the same shift as seen for those in Co(mhp)2(4,4'-Me2-bipy). This 
demonstrates again that protons far removed from the paramagnetic centre are only 
slightly shifted. It is difficult to say exactly from which ligand, either chp or 4,4'-
Me2-bipy, the highest peak at 152.83ppm originates from. The pyridone ligand 
seems the most likely as the highest downfield shift in Co(mhp)2(4,4'-Me2-bipy) 
appears at 88.84ppm and the six substituent of the xhp ligand has changed, while the 
4,4'-Me-bipy ligand has remained constant. 








Table 3.1.3: Proton Chemical Shifts of Co(chp)2(4,4'-Me2-bipy) 
The NMR spectrum, shown in Figure 3.1.4, of 4 shows one less resonance 
than expected. In 4 eight signals should be seen; one due to the methyl protons of the 
acetate, four from 4,4'-Me2-bipy and three from the bhp ligand. In fact, only seven 
resonances are observed, six of similar height and one approximately three times this, 
similar to that of Co(chp)2(4,4'-Me2-bipy). 
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Figure 3.1.4: 1 H NMR Spectrum Of 4 
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This suggests a formula of stoichiometry [Co(bhp)2(4,4'-Me2-bipy)}, most 
likely a monomer comparing with the other compounds. This implies that the solid 
state structure of 4 is different to that in solution and possibly a small quantity of 
acetate present contributes to crystallisation in the dimeric form. The chemical shifts 
are listed in Table 3.1.4. 
Chemical Shift, ppm Relative Intensity 








Table 3.1.4: Proton Chemical Shifts in 4 
The situation is similar in the spectrum of the complex 5. The solution NMR, 
shown in Figure 3.1.5, gave a similar pattern to that of 4, with seven resonances, 
listed in Table 3.1.5, of integrals to imply a formula of stoichiometry [Co(fhp)2(4,4'-
Me2-bipy)]. The 19F NMR of 5 in CDC13 shows one broad peak centred at 
140ppm. This indicates that the solid state structure is not retained in solution, as 
different signals would be expected for the chelating and bridging fhp ligands from 
both the protons and the fluorines. Most likely the molecule has dissociated into the 
monomer, with a similar structure to 2 or 6, where the bridging and chelating ligands 
































Table 3.1.5: Proton Chemical Shifts In 5 
The chemical shifts for the complexes containing the 4,4'-Me2-bipy ligand are 
summarised below in Table 3.1.6. 
1 H Proton Chemical Shifts In_Co(xhp)(4,4'-Me-bipy) 
fhp chp bhp mhp 
196.41 152.83 136.97 88.84 
58.21 66.67 69.45 77.31 
52.30 56.07 59.36 62.81 
48.56 50.30 48.89 51.82 
43.04 46.55 44.31 35.65 
5.88 9.41 12.39 14.37 
1
j•17 E 1 • 14 I1a 
a: The shift for the methyl protons in the mhp ligands. 
Table 3.1.6: 'H Chemical Shifts In The Complexes 4, 5, 
Co(mhp)2(4,4'-Me2-bipy) and Co(chp)2(4,4'-Me2-bipy) in CDC13 
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It is apparent that the peaks in the first two rows and sixth row are most 
dependant on the pyridone ligand present. The peaks that correspond to the 4,4'-
Me2-bipy ligand remain fairly constant, as there is no change in this ligand from one 
complex to the next. It is interesting to note that the highest shifts increase in the 
order fhp > bhp > clip > mhp, in accordance with the substituents electronegativity, 
whereas, the next highest shift the order is reversed, such that 6(mhp) > (fhp). 
In solution, all the four complexes probably have a similar structure, i.e., 
monomeric with chelating pyridone ligands and the 4,4'-Me2-bipy ligand, as those of 
2 and 6. This implies the contribution of the pseudo-contact shift to the overall shift 
will be approximately the same for the four complexes, as all corresponding protons 
are a similar distance away from the cobalt centre. Therefore the contact shift, or 
through-bond coupling, will be dominant. 
The amount of shift each proton experiences can be possibly explained by 
examining the canonical forms of the pyridone ligands. These are shown in Figure 
3.1.6. 
The negative charge is delocalised around the aromatic ring such that it will 
be concentrated at the 3- and 5- positions, ortho- and para- from X. Therefore the 
hydrogens in these positions will be affected most by this increased electron density 
while the hydrogen in the 4- position will be significantly less affected. 
xn" CP 
 e 
X aNO 	 XNO 
.4 	J1,. XNO 	 x e 
Figure 3.1.6: Canonical Forms of a 6-substituted-2-pyridone anion 
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This is not as straightforward due to the delocalisation of the electron density 
in the aromatic ring. However, the hydrogen in the 4- position is five bonds from the 
cobalt and those in the 3- and 5- positions are only four bonds away. Moreover, 
there are two 'routes' to the 3-hydrogen, either through the ring nitrogen or the 
exocycic oxygen, which will also be involved in the delocalisation of the it-clouds. 
This would give a greater coupling of this proton with any paramagnetic electron 
density and thus greatly enhance the contribution to the contact shift. Hence, shifts in 
the first row of Table 3.1.6 can be tentatively assigned to the 3-protons. This effect 
is enhanced by the electronegativity of the 6-substituent, in particular the halides 
which are ortho- and para- directing, deshielding the 3-protons to a greater extent 
pushing the signal further downfield. Protons in the 5- position, ortho- to the 6-
position, experience this effect but the shifts are pushed upfield and are assigned to 
the peaks in the second row of the table. This can possibly explained by the 
proximity of the electron withdrawing group in the 6-position making it-electron 
density relatively higher at the 5-position compared to the 3-position, shielding this 
proton. The protons in the 4- position can be assigned to the peaks listed in the sixth 
row. These protons do not experience the effects of the delocalisation of charge to 
the extent of those in the 3- and 5-positions. Consequently the amount the peaks are 
shifted due to the paramagnetism is reduced. 
3.2 Magnetic Studies On [Co(.t-bhp)(OAc)(4,4'-Me2-bipy)12 
Magnetic measurements on the dimer [CoQ.t-bhp)(OAc)(4,4'-Me2-bipy)12 
were carried out on a SQUID magnetometer in the temperature range 5 - 300K and 
in an applied magnetic field of 1000G. 
The magnetic susceptibility, X, of a dimer with two S = 3/2 spins can be 
expressed by the equation 120, 
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2e 2X + 10e 6x + 28e12x 
1 +3e 2x +5e 6x  +7e  12x 
where x = J/kT, (J is the exchange term between the Co(fl) nuclei) and C 
=N920 2 /k (T - 9). If a fraction of monomeric impurity, p, is present in the sample Ae 
then the equation for the susceptibility becomes: 
2e2x + 10e 6 ' + 28el2x 	5 	N,g 2 f3 
x = C(1—p) 	 + 0.—. 
1+3e 2x  +5e 6x  +7e 12x ' 2 kT 
The observed magnetic data were corrected for their diamagnetism using 
Pascal's Constants 121 and the variables refined 122 to give a best fit, given by the 
equation, 
GOOF = 1 - 1 IXob$ Xcaicl 
Zobs 
The best fit was achieved with the values of J = -23cm, p= 0.54, 0 =0 and 
g = 2.23, (GOOF = 0.993). A plot of the effective magnetic moment as a function of 
temperature is shown in Figure 3.2.1; the solid line is the calculated moment and 
observed data are shown as circles. 
The data indicates that the sample contains a high percentage of monomeric 
impurity, around 54%, which may arise through the presence of two forms, 
(monomeric and dimeric), of [Co(OAc)(bhp)(4,4'-Me2-bipy)] or contamination of 
the sample with a different monomeric species, such as 6, which was formed by a 
very similar reaction to that which formed 4. 
Microanalysis is consistent with the latter case and provides a ratio of 









0 	50 	100 	150 	200 	250 	300 
Temperature (K) 
Figure 3.2.1: Plot of Effective Magnetic Moment vs. Temperature For 4 
Nevertheless, the magnetic data is consistent with a dimeric Co(H) complex 
in which there is weak antiferromagnetic exchange between the cobalt atoms, J = -23 
m 1,  with the effective magnetic moment falling from around 61JB  at room 
temperature down to around 4•3B  at about 4K. This is approximately the same 
magnitude as the antiferromagnetic couple found in [CO2(PhCOO)4(quin)2] 109, 
where J = -19cm 1 . In a similar complex of copper, [Cu2(chp)4(2,2'-bipy)2] 102, 
where two chp ligands also bridge the metals through their exocyclic oxygen only, 
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the room temperature magnetic susceptibility was measured at 1.1 1B  indicating a 
significant antiferromagnetic couple between the two metals. The Cu-Cu distance in 
this complex is slightly longer than in the cobalt dimer at 3.3295(4)A and the Cu-0- 
Cu bridging angle 101.70(7)°, similar to the value in the cobalt complex of 100.4(3)°. 
Extensive work on dimeric Cu(H) and Ni(H) systems 123 has shown that the 
nature of the exchange interaction, either ferro- or antiferromagnetic, is dependent 
on the M-O-M bridging angle and it is generally found that angles smaller than 
—97.5° lead to ferromagnetic coupling whilst larger angles produce antiferromagnetic 
exchange. In this example, the Co-O-Co angle of 100.4(3)° is in agreement with 
these observations. 
The value of e, a measure of the interdimer interaction, of OK, is concordant 
with the structure of the metal dimer being well shielded by the organic ligands from 
each other and as a consequence, no significant dimer-dimer interactions. 
3.3 Electrochemical Studies Of Cobalt-Pyridone Complexes 
The electrochemistry of several cobalt-pyridone complexes were investigated 
over positive and negative ranges. These included the polymeric complex 1 as a 
solution in CH202 against 0.5M TBABF4 as the supporting electrolyte. The cyclic 
voltamagram of the complex shown in Figure 3.3.1 consisted of an irreversible 
oxidation at +1.639V  and cooling to low temperature had no effect on the 
reversibility. The standard electrode potential of the Co2+ / CO3+ couple is 
+1.81V1 -& 
Unfortunately no colometry was attempted, so it remains to be seen how 
many electrons this oxidation corresponds to. It does however suggest that the 
species in solution is either a monomer or if polymeric then the metals are non-
interacting. The negative region showed no presence of any reduction processes. 
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0.0 	0.5 	1.0 	1.5 	2.0 
Potential / V 
Figure 3.3.1: CV of 1 in CH202 
The electrochemistry of the complex 2 was also investigated in CH202 
against a supporting electrolyte solution of 0.5M TBABF4 and the CV for the region 
0.0 to +2.OV is shown in Figure 3.3.2. This again consists of an irreversible oxidation 
at +1.633V, comparable to that of 1, and is due to the Co(H)/Co(ffl) potential. At 
-40°C the oxidation remained irreversible and was shifted slightly to +1 .675V. 
In the negative range 0.0 to -2.OV, one small irreversible reductive peak is 
observed at -1.289V, illustrated in the CV shown in Figure 3.3.3. 
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0.0 	0.5 	1.0 	1.5 	2.0 
Potential / V 
Figure 3.3.2: CV Of 2 in CH2C12 (positive region) 
—2.0 	—1.5 	—1.0 	—0.5 	0.0 
Potential / V 
Figure 3.3.3: CV of 2 in CH202 (negative region) 
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This reduction is most likely due to the phen/phen() reduction, as this is the 
region normally expected for this type of ligand reduction, which is known to occur 
from -1.405V in [Pt(phen)(py)2] 2+125 down to -1.570V in [Fe(phen)3] 2+126 . 
For the complex Co(hp)2(2,2'-bipy) in CH202, also with 0.5M TBABF4 
supporting electrolyte, the situation is similar to that of 2. The CV in the positive 
range up to +2.0V shows an irreversible oxidation at +1.758V, which remains 
irreversible at low temperature and constant at this value. The negative range down 
to -2MV shows a reduction at -1.289V, identical to that of the reduction in 2, 
corresponding to the 2,2'-bipy/2,2'-bipy() reduction. This is not unexpected as 
similar complexes of phen and 2,2'-bipy usually have similar reductions 126. The 
reduction of 2,2'-bipy to 2,2'-bipy() liga.nds in metal complexes is known for a wide 
range of potentials from -1.24V in (2,2'-bipy)Re(CO)3C1 127 down to -2.15V in (2,2'- 
bipy)Re(C5H5) 128• 
The electrochemistry of the dimeric species 4 was also measured in CH2C12 
against a supporting electrolyte of 0.5M TBABF4, but in contrast to the other 
complexes, no oxidation could be observed in the region 0.0 to +2.OV. Even cooling 
to low temperature, (-30°C), and changing the solvent to DMF, which has a larger 
range, appeared to have no effect. 
In the negative region two irreversible reductions are observed at -1.450V 
and -1.648V with 4 in DMF and a supporting electrolyte of 0.1M TBABF4. On 
cooling to -40°C the peak at -1.648V almost disappears and the higher peak appears 
at approximately the same value and more reversible. If 4 remained binuclear in 
solution two reductions would be observed at both room and low temperatures 
separated by approximately 150mV for two 4,4'-Me2-bipy ligands bound to two 
interacting metal centres. However, this implies that 4 is mononuclear in solution, as 
suggested by the NMR and undergoes an EC mechanism, by which electron transfer 
to the 4,4'-Me2-bipy ligand at -1.450V, which is known to occur around this 
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value 125 , results in a chemical reaction and the peak at -1.648V is the redox 
chemistry of the decomposition product of this reaction. At low temperature the 
chemical reaction is inhibited, thus the peak is not observed, and the electron transfer 
process becomes more reversible. The CV of 4 at room temperature is shown below 
in Figure 3.3.4. 
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Figure 3.3.4: CV Of 4 in DMF At Room Temp. (Negative Region) 
3.4 UV/Visible Absorption Spectroscopy Of Cobalt-Pyridones 
The UVIVis spectroscopy of selected cobalt-pyridone complexes were 
investigated as solutions in dichloromethane in the range 200 - 1 lOOnm. 
In general, the uv/vis spectra of six co-ordinate cobalt(II) complexes are 
difficult to interpret. However, two primary regions of absorption are observed 129 
131 A band observed near 8000- l0000cm 1 , of low intensity — i M- I cm- 1 , can be 
assigned to the 4T2g € 4T g  transition and a multiple band around 20000 cm -1 , 
(E —10 M cm- 1 ) assigned to the 4Ti g(P) +_ 4Tig transition in an admixture with 
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spin forbidden transitions to doublet states. The 4A2g <_ 4Tig transition is not 
normally seen being formally a two-electron transition. 
The only previous investigation of the electronic absorption spectroscopy of 
cobalt(1I) compounds containing pyridone ligands was carried out by Garner 105 . The 
compounds reported all had broad absorption maxima in the visible region centred at 
574nm (E = 241 M cm-1 ) for Co(mhp)2, 400nm (E = 670 M- I cm-1 ) for 
Co(mhp)2(2,2'-bipy) and 580nm ( = 396 M 4 cm-1 ) for [C012(mhp)12(OAc)6-
(OH)61. It was suggested that the relative high intensity of the band for 
Co(mhp)2(2,2'-bipy) was a result of the low-symmetry ligand field about the metal 
centre with two different chelates both having narrow 'bite' angles. 
However, in the ultra-violet region of the spectra, the derivatised 2,2'-
bipyridyl cobalt pyridones is dominated by two bands around 40000 cm - 1 . The 
pyridone ligands themselves have two absorptions around this wavelength, e.g., clip 
absorbs at 234 (E = 9100 M cm- 1 ) and 298nm ( = 5900 M4 cm- 1 ), 
corresponding to internal it -* it" transitions. Nevertheless the absorptions observed 
have extinction coefficients nearly ten times these and must therefore correspond to 
transitions within the bipyridyl-type ligands which obscure those of the 
pyridone ligand. 
The peaks of maximum absorption observed in the uv/vis spectrum of 2 are 
listed in Table 3.4.1 along with their molar extinction coefficients. 
It can be seen that there are three very intense absorptions. The two at 237 
and 265nm can be assigned to two It - it"' transitions in both the phenanthroline and 
the mhp ligand. The following absorption at 291m, which is just observable as a 
shoulder on the higher peaks, can possibly attributed to metal to ligand charge 
transfer. The subsequent peaks are weak and assignment is difficult. The absorption 
at 825nm could tentatively be assigned to the 4A2 g transition from the ground state 
as this is around the wavelength expected for this transition. However, this 
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absorption is often obscured by complexes of organic ligands 129 , possibly as in this 
case and is usually much weaker than the observed peak and a charge transfer band is 
therefore most likely. 
?/nm ?/cm 1 c/M 1 cm 1 
237 42194 20167 
265 37736 22762 
291 34364 15368 
825 12121 71 
1022 9785 10 
Table 3.4.1: UV/Vis Absorptions of 2 
Finally, the weakest band at 1022nm can be assigned to the 4T2. *- 4TI, transition 
as this normally occurs within the range 1000 - 1250nm 129 
The situation is similar in the uv/vis spectrum of Co(mhp)(4,4'-Me2-bipy). 
The absorptions are listed in Table 3.4.2. 
c/M 1 cm 
235 42553 27976 
291 34364 22536 
593 16863 229 
663 15083 68 
783 12771 48 
807 12392 140 
1050 9524 37 
Table 3.4.2: UV/Vis Absorptions of Co(mhp)2(4,4'-Me2-bipy) 
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The mhp and 4,4'-Me2-bipy ligands show very large extinction coefficients at 
235 and 291m. The other absorptions are perhaps too strong to be those of the 
transitions mentioned above for 2 and possibly relate to charge transfer. 
The major absorptions for Co(chp)2(phen) are listed in Table 3.4.3. Again, 
two very intense peaks are observed for the it —* ir transitions of the pyridone and 
phenanthroline ligands. The remainder of the spectra contains one relatively intense 
peak at 355nm, this is around the same region as the absorption for Co(mhp)2(2,2'-
bipy) and the intensity can presumably be explained for the similar reason of the low-
symmetric ligand field caused by two different chelates. The following weaker peaks 
most probably relate to charge transfer and the peak at 1039nm the 4T2g <-- 4Tlg 
transition. 
/cm elM4 cm-  
234 42735 15475 
270 37037 14892 
355 28169 1430 
798 12531 75 
885 11299 18 
948 10549 19 
1039 9625 24 
Table 3.4.3: UVIVis Absorptions of Co(chp)2(phen) 
The absorptions and extinction coefficients for Co(chp)2(4,4'-Me2-bipy) are 
listed in Table 3.4.4. The it — ir' transitions are again observed as is a peak at 
345nm, similar to that in Co(chp)2(phen) but much weaker. The other peaks are 
most likely due to charge transfer and that at 995nm the 4T2g 4Tl g transition. 
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XMIX/nm ?/cm E/M 	cm 
244 40983 31263 
289 34602 29175 
345 29986 187 
757 13210 8 
791 12642 100 
928 10776 6 
995 10050 9 
Table 3.4.4: UV/Vis Absorptions of Co(chp)2(4,4'-Me2-bipy) 
The uv/vis spectrum of 4 was recorded and the absorptions and extinction 
coefficients listed in Table 3.4.5. The NMR evidence suggests that this complex may 
be monomeric in solution in the form of 6. The uv/vis is similar to the similar 
compounds of this formula with two very strong absorptions for the 4,4'-Me2-bipy 
and pyridone ligands and a strong absorption at 362nm due to the low-symmetry 
ligand field. The remaining absorptions are most probably due to charge transfer 
processes and that at 1085nm the 4T2g 4Tl g transition. 
mx 1m Xmax /cm 1  I c/M1cm' 
242 12480 41322 
296 10515 33784 
362 27624 3135 
791 12642 475 
838 11933 10 
1085 9217 20 
Table 3.4.5: UVIVis Absorptions of 4 in CH202 
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The uv/vis absorptions of Co(hp)2(2,2'-bipy) are given in Table 3.4.6. The 
spectrum shows the characteristic absorptions for the it — ir transitions in the 2,2'-
bipy and pyridone ligands. 
2max  I nm 2Lmax  / cm E / M- 1 cm 
242 41322 25792 
297 33670 29419 
377 26525 63 
791 12642 2620 
920 10870 5 
956 10460 5 
1038 9634 5 
1086 9208 5 
Table 3.4.6: UV/Vis Absorptions of Co(hp)2(2,2'-bipy) 
A peak at 377nm is observed in a similar position to other similar complexes, 
however this peak is relatively weaker than would be expected. Other peaks are 
observed which are probably due to charge transfer with the strongest being at 
791m which appears to be common to most of these complexes. The weak 
absorption at 1086nm can be attributed to the 4T2g 4Tl g transition. 
The uv/vis spectrum of the polymer 1 and analogous compounds of the hp 
and chp ligands were also recorded as a solution in CH202. The spectra of these 
compounds were similar and showed three major peaks. The most intense was 
around 330nm and a weaker peak at 234nm. These are most likely due to it —* it" 
transitions within the pyridone ligands. The other peaks are relatively intense and are 
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centred around 560nm. This is approaching the wavelength of 574nm ( = 241 M 
cm-1 ) observed by Gamer for the complex formulated as Co(mhp)2. The 
corresponding wavelengths for the analogous complexes of clip, hp and 1 are listed 
below in Table 3.4.7. The extinction coefficients for these complexes are based on 
the formula Co(xhp)2 and are unreliable as the exact nature of the species in solution 
remains unknown and are given as only a comparison to that of Co(mhp)2. 
F complex 	I _ / nm / cm4 £ / M 	cm4 
1 565 17700 158 
Co(chp)2 560 17857 79 
Co(hp)2 559 17889 113 
Table 3.4.7: UV/Vis Absorptions of 1 and related complexes 
3.5 Reactivity Studies Of Cobalt-Pyridones And Lanthanoids 
It has been extensively shown 2328 that reaction of the copper-pyridone 
complexes namely Cu2(chp)4 and [Cu6(mhp)12Na][NO3] with salts of various 
lanthanoids result in the formation of a range of mixed d-f metal compounds 
described in Section 1.2, depending on the initial reactions conditions. 
The reactivity of the cobalt-pyridone complexes was investigated with salts of 
selected lanthanoids with the aim to form and isolate similar mixed cobalt-lanthanoid 
complexes. It would be desirous to investigate the magnetic properties of these 
compounds and compare them to those obtained for copper. 
To date, very few examples of mixed cobalt(II)-lanthanoid(Ill) complexes 
exist and none are known in which the bridging ligand between the metal centres is a 
pyridone. The most extensive examples are those in which the two metals are held in 
a macrocycle 132, namely NN'-ethylenebis(3-carboxysalicylideneimine) or csalen, and 
the general formula of the complexes is CoLn(csalen)(ROH)(NO3), where Ln = La, 
129 
Nd or Gd, R = H or Me and n = 1 or 2. The complexes could not be structurally 
characterised and were not investigated for their magnetic properties. 
The only structurally characterised complex containing both cobalt and a 
lanthanoid is the octaacetate complex CoNd2(OAc)8(H2 0) 10 133, shown in Figure 
3.5.1. 
Figure 3.5.1: Crystal Structure of CoNd2(OAc)8(H20) 10 
This was formed by the slow evaporation of a slightly acidic aqueous 
solution of the two acetates. In the crystal the molecule forms chains built up from 
the distorted nine co-ordinate neodymium, [Nd07(0H2)2], as tricapped trigonal 
prisms and almost regular C006  octahedra, (oxygen atoms from bidentate acetate 
bridging ligands). The [Nd07(0H2)2} moieties share an edge. The resulting dimeric 
entities are linked through one C006 octahedron, sharing one corner with each 
prism. This gives a Nd •Nd• . Co sequence in the chains, which are interconnected 
by weak hydrogen bonds involving the six remaining water molecules. 
Reaction of the cobalt-pyridone complexes with the lanthanoid salts did 
occur but no firm results could be obtained as to the exact nature of these products. 
The reaction of a solution of 2 in CH2C12 with anhydrous lanthanum(ffl)chloride 
turned the solution from orange to dark purple over a short period of time which 
eventually turned blue. A blue solid was isolated from this solution and IR 
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spectroscopy indicated the presence of the mhp ligand with the v(CO) stretching 
frequency at 1611.9cm, compared to that of 1612.4cm -1 in 2. The product could 
not be recrystallised and hence no structural characterisation could be made. 
Reaction of 2 with anhydrous yttrium(ffi)chloride had a similar effect, 
resulting in the formation of a blue solution from which a blue solid was isolated. 
The JR spectrum of this product indicated the presence of the mhp ligand with the v 
(CO) stretching frequency at 1611 .9cm. Again, crystallisation attempts were 
unsuccessful and no structural characterisation was possible. 
The presence of the phenanthroline ligand in 2 may in some way hinder any 
desirable reaction with the lanthanoids. Therefore reactions were attempted with a 
solution of 3 in CH202 with either anhydrous lanthanum or yttrium chlorides. The 
purple solution of 3 turned to blue over a period of time from which a blue solid was 
isolated. The JR spectrum of both products from reaction with either lanthanum or 
yttrium chloride were similar and both indicated the presence of the mhp ligand with 
v(CO) = 16 12.4cm -1 from the reaction with lanthanum chloride and v(CO) 
1611.4cm4 from that with yttrium chloride. Microanalysis of both products showed 
a significant nitrogen content which also substantiates the presence of the ligand 
mhp. 
Crystallisation of these products was again unsuccessful and there exact 





Since the discovery of the dimeric nature of copper(ll)acetate, in which two 
copper atoms are bridged by four acetate ligands, by Van Niekerk and Schoening 134 
in 1953 there has been a great deal of research concentrated on metal carboxylates. 
However, work by Eugene Peugot over one hundred years previously in 1844 135.136  
had demonstrated that addition of sodium or potassium acetate to aqueous solution 
of Cr(II) ions formed an insoluble red compound, instead of the normal blue for 
chromium(II), which upon analysis indicated that chromium(II)acetate was not a 
simple monomeric salt. There was no work to follow this up until 1950 when King 
and Garner137 discovered that chromium(R)acetate had no magnetic moment and 
therefore no unpaired electrons unlike other chromium(11) salts which had four 
unpaired electrons. They postulated a tetrahedral structure which according to 
valence theory at the time utilised a set of d3s hybrid orbitals on the chromium, 
relegating the four d electrons to the two remaining d-orbitals with paired spins. 
Although this explanation is wrong, the observation of no unpaired electrons 
changed the understanding of chromium and other carboxylates. 
Shortly after Van Niekerk and Schoemng revealed the structure of 
copper(H)acetate they found that chromium(III)acetate was isomorphous 138 and 
therefore, by analogy, suggested it was also dimeric and had a similar metal-metal 
bond length of 2.64A, although it was later found to be shorter than this at 
2.362(1)A. They attributed the diamagnetism to a Cr-Cr bond, but in 
copper(II)acetate there is no pairing of even two electrons at this distance and the 
idea of pairing up eight electrons did not appear to be implausible. 
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In 1958 there were reports by KoteFnikova and Tronev 139 in the USSR of 
complexes of formula ReC12.2RCOOH, formed by reaction of the carboxylic acid 
with what was formulated as 'H2ReC14.2H20'. At around the same time work on 
reactions of molybdenum hexacarbonyl with carboxylic acids produced acetates 
formulated as 'Mo(OOCR)2' 140 . 
There appeared to be no follow up of this work for nearly five years until, in 
1963, Wilkinson and Taha 141 reported products of molecular formula 
[ReC1(RCOOH)}2 which they said were dimeric by analogy to copper(II)acetate but 
contained terminal chlorides in axial positions. Then in 1965, Lawton and Mason 142 
reported the crystal structure of molybdenum(II)acetate which revealed it to be a 
dimer, isostructural with copper(II)acetate. The research was extended to cover to a 
wider range of metal acetates leading to the synthesis and crystal structures of 
Cr2(OAc)4. 2H20 143 , Ru2(OOCPr')4C1 and Rh2(OAc)4. 2H20 145 . 
The results from these structural studies subsequently led to an extensive 
investigation of metal carboxylates and a diversity of structure and chemical 
properties were established. For example, homo and heteronuclear complexes of 
general formula M30(02CR)6 where the metal are arranged in a triangle with an 
oxygen at the centre and two acetates bridging each side. Similar to these are 
trinuclear linear complexes, again either hetero or homonuclear, M3(02CR)6L2, 
where three carboxylate ligands bridged between adjacent metals and L is usually a 
heterocyclic base, such as pyridine, bonded to the terminal metal centres. Higher 
nuclearity structures are also known, from the tetranuclear zinc complex 
Zn40(O2CR)6 146 , in which the zinc atoms form a tetrahedron and the oxygen is at 
the centre bonded to all four metals and the acetates bridging a pair of metals, to the 
duodecanuclear complex Mn12012(02CR)16(H20)4, R = OAc or Ph, consisting of 
a central Mn(IV)404 cubane held within a non-planar ring of eight Mn(ffl) atoms by 
eight p.3-02 ions147 . Peripheral ligation is taken up by sixteen p.2-PhCOO and four 
133 
terminal H20 groups, where the four H20 ligands are located on two Mn atoms, 
illustrated in Figure 4.1.1. 
A great deal of theoretical work has also been directed towards these and 
other metal carboxylate systems in helping to understand the nature of the metal-
metal bonding and magnetic interactions that occur in these polynuclear systems, and 
ultimately prepare a solid lattice of molecular magnets, that exhibit useful and 
interesting properties. 
Figure 4.1.1: Crystal Structure Of Mn 1201  2(O2CPh)1 6(H20)4 
4.2 Carboxylate Complexes of Cobalt 
It has been well established 148 that cobalt(H) is reluctant to form binuclear 
quadruply bridged carboxylate complexes in contrast to the extensive examples of 
Cu(ll), R1I(H), Mo(II) and Cr(ll) 149 and others that readily form these dimeric 
compounds. Mononuclear complexes of cobalt prevail. Although examples of 
tetrakisacetato dicobalt are known to exist there is little structural information 
available and only two binuclear structures have been reported. 
Preference for the formation of these dimers is caused by the presence of 
steric crowding around each metal atom, brought about by the use of very sterically 
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demanding carboxylates and substituted heterocyclic amines. The steric crowding 
thus prevents the formation of the mononuclear bis(amine) complexes. This 
approach was used in the synthesis of the two benzoate bridged species 
[CO2(PhCOO)4(quin)2] 1 and [CO3(PhCOO)6(quin)2] 0. The first species has 
similar structure to copper(II) carboxylates, with two cobalt atoms bridged by four 
bidentate benzoate ligands and each cobalt atom ligated by a quinoline in the axial 

















Figure 4.2.1: Crystal Structure Of [CO2(PhCOO)4(quin)] 
The Co-Co separation is 2.832A, much longer than the 2.36A measured in 
[Cr2(OAc)4(H20)2] 143, which does contain a multiple bond and longer than the 
Cu-Cu contact of 2.58 - 2.75A of dimeric copper(ll)carboxylates, but shorter than 
the V-V distances of 3.704A and 3.625A found in the dimers of cyclopentadienyl 
vanadium(ffi)triflouroacetate 150 and 2-carboxyfuran 151 respectively. The two 
metals in the dinuclear cobalt complex were found to be antiferromagnetically 
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coupled 152 with the magnetic moment falling from 4.1 19B  at 293K to 1.719B  at 
98K with at maximum at 268K. The interaction is, however, very weak with J = -19 
cm- 1 . This, compared to mononuclear carboxylates of cobalt which usually have a 
room temperature magnetic moment of around 59B'  shows a drop of about one-
third. This is much less than the 50% decrease in susceptibility shown in the dimeric 
copper(ll)carboxylates where J = -150 cm and indicates a very much weaker 
interaction than in the carboxylates of Cr(II), Mo(fl) and Rh(][[) where complete 
pairing of the electron spins is achieved 153 . 
The trinuclear species, [CO3(PhCOO)(quin)], illustrated in Figure 4.2.2, 
consists of a linear array of three cobalts atoms with three bridging benzoate ligands 
between adjacent pairs of cobalt atoms. 
0cc 
0  
Figure 4.2.2: Crystal Structure Of [CO3(PhCOO)6(quin)] 
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The central cobalt has almost regular octahedral co-ordination and the two 
outer cobalt are four co-ordinate, each being also bonded to a qumoline, and quite 
distorted from tetrahedral symmetry. The Co-Co distances are very long at 3.56A, 
much longer than that found in [CO2(PhCOO)4 (quin)2] and longer than the metal 
separations in the triangular clusters [M(llI)30(02CR)6L3], M = Cr, Mn, Fe, 
which average at 3.3A 149 . The trinuclear cobalt complex is only slightly 
antiferromagnetically coupled down to 98K, with a magnetic moment of 4.874  at 
298K and 4.58LtB at 98K, much weaker than in the known dimeric 
cobalt(ll)carboxylate or the triangular complexes of divalent chromium and iron 1 10• 
Apart from the two above mentioned cobalt(I1) benzoates there exists a wide 
range of similar carboxylate complexes of the type CO2(02CR)4L2 and 
CO3(02CR)6L2, where R = an olefinic carboxylate and L is not just restricted to 
quinoline. Although no crystal structures have been reported evidence for the di- and 
trinuclear structures comes from comparison of the diffuse reflectance visible spectra 
and the carboxylate stretching frequencies with the structurally characterised 
complexes 109-110 . The magnetic properties were recorded for some of the 
complexes and showed antiferromagnetic coupling between the cobalt centres at low 
temperatures. The known complexes are all listed in Table 4.2.1. 
There also exist a second range of dimeric cobalt(H) carboxylates. These 
consist of the two metals bridged by two carboxylates and either a water (or 
hydroxy) molecule which lies at the bisection of the Co-Co vector. These types of 
M2(ii-H20)(02CR)2 complexes have been known since the late seventies with a 
variety of carboxyl groups, R = Me, CF3, CH20, CHC12, and CCI3 and different 
metals, Co(ll), Ni(fl) and Fe(H) and Fe(llI). 
For cobalt(fl), the structure of CO2(H20)(02CC13)4(tmen)2, tmen 
N,N,NçN'-tetramethyl-1,2-diaminoethane, has been determined 158 and is shown in 
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Figure 4.1.4. This demonstrates the M2(p.-H20)(02CR)2 unit and includes two 
non-bridging acetates each bonding to one metal and strongly hydrogen bonded to 
the bridging water molecule, with O• •O contacts between 2.56(2)-2.60(2)A, that 
help to co-stabilise the dimeric unit. The tmen is used as the terminal ligand. 
Table 4.2.1: Di- and Trinuclear Carboxylate Complexes of Cobalt(fl) 
No. of Co atoms RCO2 L Ref. 
2 Me3CCO2 quin, quinaldine, 
py,_2-pic,_4-pie  
154 
2 C411'0002,furan gurnaldine 155 
2 MeCH=CHCO7 gum, 2-pie 156 
2 CH2=CMeCO2 gum, 2-pie 156 
2 MeCH=CMeCO2 gum, 2-pie 156 
2 Me7C=CHCOO quin 156 
2 m-FC6H4CO2 quin 157 
3 Me2C=CHCO2 2-pie 156 
3 CH2CMeCO2 2-pie 156 
* pie = picoline, methylpyridine. 
The cobalt atoms are separated by a distance of 3.696(3)A, the longest 
contact known in these complexes, compared to Fe(H)2(OH) at 3.32A, Fe(III)20  at 
3.15A159 and the dinickel(H) complex 3.676A 160. The shorter Fe-Fe contacts are a 
direct consequence of the metals being bonded to 02-  and OH as opposed to H20. 
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The mixed complex CoNi(H20)(02CH2C1)4(tmen)2 has also been 
structurally characterised 158 . 
Figure 4.2.3: Crystal Structure of CO2(H20)(02CC13)4(tmen)2 
The magnetic properties of the dinuclear cobalt and the nickel complexes 
have also been studied. These generally show a maximum for the value of the 
magnetic susceptibility at around 4K, with the cobalts having maxima at higher 
temperatures, indicating a stronger exchange, which is expected, as Co(III) has three 
unpaired electrons and nickel(H) two unpaired electrons. The exchange interaction 
seems to show a slight dependence on the bridging geometries. 
Similar to these complexes exist a number of like and unlike dimetal t-
hydroxy-bis(p-acetato) bridged dinuclear species of which several complexes are 
known 160 with general molecular formula [L2Co2(9-X)(02CR)2]', n = 1 - 3, 
where L is the tridentate macrocycle 1 ,4,7-trimethyl- 1 ,4,7-triazacyclononane, which 
caps the metal and is used for steric reasons to prevent the formation of ML2 
moieties and only one ligand per metal can be bound. Complexes are known for 
which the bridging group, X = Cl, Br and OH and R = Me and CH2C1. The structure 
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of the cation where R = CH20 and X = Cl has been determined as the [PF6] salt as 
well as mixed valence complex [Co(ll)Co(Ill)(OAc)2(ji-OH)L2] 2 , as the 
perchlorate salt. The former is depicted in Figure 4.2.4 and the Co(ll)-Co(ll) 










Figure 4.2.4: Structure Of [Co(II)2(ClH2CCOO)2(9-Cl)L2} 
The magnetic susceptibilities per cobalt(H) centre of all the Co(H)-Co(II) 
complexes of this general formula range from 5•23•'B  at 293K to 4•70PB  at 98K. 
These values are typical for an octahedral high-spin Co(H) centre with a significant 
orbital contribution from the intrinsic orbital angular momentum in the octahedral 
ground state. The small decrease in magnetic moment at lower temperature for these 
complexes, indicates a slight intramolecular antiferromagnetic couple between the 
two high-spin cobalt(H) ions. This effect is more pronounced in the binuclear i-
carboxylato cobalt(H) complexes of the type CO2(RCO2)4L2, and comparable to 
the similar R-H20 complexes cited previously. The mixed valence complexes show 
no dependence of temperature on their magnetic moment in the range 98-293K and 
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the dicobalt(IH) complexes are diamagnetic as the cobalt(Ill) centres are low-spin d6 
with all spins paired. 
As previously mentioned, a series of mixed metal complexes of this type exist 
of which a mixed cobalt(H)-chromium(Ill) complex is known and has been 
structurally characterised 162. The formula of this complex is [LCo(p-OH)(OAc)2 
CrL}[C10412. The Co.. •Cr distance was found to be 3.424(3)A and variable 
temperature magnetic susceptibility measurements were not performed upon the Cr-
Co species. Studies on similar complexes indicated that the metal centres were 
weakly antiferromagnetically coupled. 
Related to the trinuclear complex of cobalt(III)benzoate and the 
heterometallic dinuclear compounds mentioned above, are a series of compounds of 
linear mixed-metal trinuclear carboxylates of general formula [M2M'(02CR)6(L)21. 
These complexes are synthesised by the stoichiometric reaction of the metal 
carboxylates with ethanolic quinoline. A number of these exist where M = Co and M' 
Mg, Zn and Mn and M = Zn and M'= Co163 . 
The CO2M9 complex, [CO2Mg(CH3CH=CHCO2)(4-vinylpy)4], the only 
one to be characterised by single crystal X-ray diffraction having crotonate as the 
carboxyl group and L = 4-vinylpyridine. The familiar structure of three 
carboxylate ligands bridging adjacent pairs of metals and the vinylpyridines in the 
terminal positions co-ordinated to the cobalt atoms was found and the magnesium 
between the cobalt atoms. The major difference between this and the trinuclear 
cobalt complex is that four of the ligands bridge between cobalt and magnesium in 
the normal manner, while two crotonates are bidentate to one cobalt atoms and also 
have one of the oxygens atoms t2-  bridging to the central magnesium atom. The 
other difference is that there are two pyridine ligands bonded to each terminal cobalt, 
making each six co-ordinate as opposed to only four co-ordinate in 
CO3(PhCOO)6(quin)21 10 
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A final class of compounds are found in either the di- or trinuclear forms. 
These complexes find the cobalt in oxidation state +111, as opposed to +H in all the 
aforementioned compounds. The trinuclear complexes have the classical triangular 
structure, with a cobalt at each corner bonded to a p.3-oxygen at the centre of the 
triangle. The cobalt atoms are then bridged by either acetate ligands or hydroxy 
ligands and have one or two terminal ligands usually pyridine. The actual 
combination of acetate, hydroxy and pyridine depends upon the reaction conditions 
employed. 
These complexes are formed by the reaction of hydrated cobalt(II)acetate 
refluxed in a water/acetic acid mixture with pyridine and peracetic acid to oxidise the 
metal and provide additional acetate ligands. This was generally found by Sumner 165 
to form a mixture of two products, namely [(py)4Co2(OAc)3(OH)2] and 
[(py)5Co3(OAc)3(OH)2] 2 . These two complexes were isolated as the [PF6] salts 
and characterised crystallographically. In the dinuclear complex, the cobalt atoms are 
bridged by two p.-hydroxy ligands and an acetate, and separated by a distance of 
2.811 (I)A, with the co-ordination sphere of each cobalt being completed by a 
monodentate acetate and two pyridine ligands. The trinuclear complex has the 
familiar oxygen centred structure. Each Co-Co edge is bridged by an acetate and 
two edges are bridged by 92-hydroxides. There are two Co-Co distances, the first 
being the two edges bridged by the acetate and hydroxide, which averages at 
2.785(1)A and the second is the Co-Co edge that is only bridged by acetate is longer 
at 3.320(1)A. The co-ordination spheres of the cobalt atoms are again made up by 
pyridines, with the cobalt that is bonded to two hydroxides bound to one pyridine 
and the others bound to two. The structures of both these complexes can be seen in 
Figure 4.1.2 
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Figure 4.2.5: Crystal Structures Of 
[(py)5Co30(OAc)3(OH)] 2+ & [(py)4Co(OAc)3(OH)] 
If this mixture is allowed to reflux a third complex can be isolated which is 
trinuclear. This has formula [(py)3Co30(OAc)5(OH)t' and the structure pictured in 
Figure 4.2.5 shows that two pyridines and a hydroxyl group have been replaced by 
bridging acetates making two Co-Co edges bridged by two acetates and the third 
edge by a acetate and hydroxide. 
The trinuclear complex [(py)3Co30(OAc)], in which all Co-Co edges are 
bridged by acetate can be prepared by further reaction of [(py)3Co30(OAc)5(OH)] 
with acetic acid 165 . 
An interesting feature of particularly the trinuclear complexes is that the 
acetate ligands of the cluster can be exchanged for other carboxylic ligands under 
fairly mild conditions. This was demonstrated by reaction of 
[(py)3Co30(OAc)5(OH)] with d3-acetic acid at 70°C for 30mins resulted in 
complete replacement of the acetate ligands for the deuteriated ligands. 
I 
143 
Figure 4.2.6: Crystal Structure Of [(py)3Co30(OAc)5(OH)t 
Three related complexes are also known, recently reported by Christou et al., 
and their structures of the cations, crystallised as the perchiorate salts1 66  The first is 
very similar to the dinuclear Co(III) complex except the two pyridine ligands on 
each cobalt atom have been replaced by the chelating ligand 2,2'-bipy, i.e., [(2,2'-
bipy)2Co2(OH)(OAc)3]. The second cation of formula [(2,2'-bipy)3Co30-
(OH)3(OAc)2]2+, is similar to the oxo-centred trinuclear cations described above. 
Here, three cobalt atoms, a 93-oxygen to the cobalts and three hydroxides bridging 
between two metals form a partial cubane structure. One pair of cobalt atoms are 
bridged by an acetate and all three cobalt atoms are chelated by a 2,2'-bipy ligand 
and the cobalt not bonded to the bridging acetate is co-ordinated by a monodentate 
acetate. 
The third complex, shown in Figure 4.2.7 contains a full [Co(ffl)404] 
cubane which has not been seen before for Co(ffl). This was formed by the reaction 
of the dinuclear complex, [CO2(OH)2(OAc)3(2,2'-bipy)] 2  with Li202 in DMSO 
in an attempt to replace the bridging acetates with 02 2 . The acetates were replaced 
by p-toluene carboxylic acid in order to aid crystallisation. 
1 	I 
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Figure 4.2.7: [Crystal Structure Of C0404(OAc)2(2,2'-bipy)] 2 
A final complex related to those above and also made by Christou 167 is the 
mixed valence complex [C0804(PhCOO)12(MeCN)3(H20)], (4Co(II) and 
4Co(ffi)), shown in Figure 4.2.8, which contains a previously unknown [C08(94-
0)4] 12+  unit. 
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The cubane and peripheral cobalt atoms are also bridged by twelve benzoate 
groups. The four outer cobalt atoms are either bonded to one of the acetonitriles or 
a water, making these cobalt atoms five-co-ordinate, highly unusual for 
predominantly oxygen donors. 
Figure 4.2.8: Crystal Structure of [C0804(PhCOO)12(MeCN)3(H20)] 
4.3 	Reactivity of Metal Acetate Dimers 
It has long been established that several metal acetates exist as dimeric 
structures. The first to be fully characterised by X-ray diffraction being copper(II) 
acetate 134  and this was later followed by the determination of other isostructural 
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acetates which included molybdenum(11) 142, chromium(1[1) 143 and rhodium(II) 144. 
This class of compounds did not, however, include cobalt(II)acetate which is only 
found as the mononuclear salt, and the complex CO2(OAc)4 is unknown at the 
present time. 
An interesting property of the dirneric metal acetates is their ability to 
undergo ligand exchange quite readily. For example, reaction of Rh2(OAc)4 with the 
sodium salt of the ligand 6-methyl-2-pyndone, results in all the acetates being 
replaced by four mhp ligands, forming the complex Rh,(mhp)4 66. In a similar 
reaction using cobalt(II) acetate, instead of rhodium, a mixed-metal polymer forms 
of stoichiometry [CO2Na(mhp)2(Hmhp)(H20)], (see Section 2). Complexes of 
the general type CO2(xhp)4, like the tetrakis(acetates) are as yet unknown. 
4.4 	Synthesis & Crystal Structure of 
[C04 Na16(OAc)23(NO3)(MeOH)15].MeOH 
In an effort to synthesise the cobalt(H)acetate dimer, CO2(OAc)4, by a 
method based on the preparation of Rh2(OAc)4 168, cobalt(III)nitrate was refluxed 
with sodium acetate in a 50:50 mixture of ethanol and acetic acid. From the resulting 
dark purple solution a purple solid was isolated and recrystallisation by slow ether 
diffusion into a MeOH solution yielded several single crystals of suitable quality for 
X-ray analysis. The X-ray data revealed the structure to be a highly unusual cobalt-
sodium mixed metal polymer of the above stoichiometry 169 . 
The structure is highly complicated and can best be described in terms of two 
CO2Na6 moieties, of which there are two in the asymmetric unit and four remaining 
sodium atoms which contribute to linking these two groups. The first of the two 
CO2Na6 units are shown in Figure 4.4.1. The bond lengths range from 2.026 to 
2.305A for Co-O, 2.209 to 2.559A fro Na-O. Metal-metal contacts are represented 
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Figure 4.4.1: The first of the Two 'CO2Na6' units 
The two cobalt atoms are each bonded to six oxygen donor atoms and have 
distorted octahedral symmetry. The oxygens originate from one bidentate and four 
monodentate acetates all of which bridge to sodium atoms. Both oxygens from the 
bidentate acetate are 93-bridging, e.g., 0(10), as well as binding to Co(l), binds to 
Na( 1), while 0(11) binds to Na(2) and both bind to a sodium outside the CO2Na6 
unit, see Figure 4.4.2. There is also a monodentate acetate which is pentanucleating, 
e.g., 0(12) binds to Co(l), Na(1) and Na(2) and 0(13) binds to Na(5) and Na(6). 
Two of the acetates are tetranucleating, binding to three metals within the unit, e.g., 
0(16) is bound to Co(1) and Na(5) and 0(17) is bound to Na(1) and one sodium 
outside the unit. The final acetate is bound only to a cobalt in CO2Na6, 0(18) for 
example and the second oxygen, 0(19), binding to a sodium located outside the unit. 
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There are three distinct types of sodium within each CO2Na6 fragment. Four 
are located at the extremities of the two units, Na( 1) - Na(4) in one, Figure 4.4.1 and 
Na(7) - Na(10) in the other. These are bound to the chelating acetates and are 
involved in the inter-unit linking leading to the polymeric structure, for in addition, 
these sodium atoms form bonds to other acetates in an adjacent CO2Na6 fragment. 
The second type of sodium, e.g., Na(5) in Figure 4.4.1 and Na(1 1), is 
situated at the centre of a CO2Na6 fragment and the co-ordination sphere is entirely 
occupied by six p.-oxygens. The third type, Na(6) or Na(12), is bridged by two of 
the oxygens bonded to the second type of sodium and along with the two cobalts 
form a distorted T-shape. 
The two units account for sixteen of the twenty metals in the asymmetric 
unit. The four that remain are involved in linking two units together. All four have a 
similar function and Figure 4.4.2 shows the linking via Na( 13). 
Figure 4.4.2: The Complete Asymmetric Unit, 
Illustrating Inter-Unit Linkage via Na( 13) 
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This sodium atom, Na( 13), is bound to two oxygens from the first unit and 
one from the second. For the final three sodium atoms, Na( 14), Na( 15) and Na( 16) 
the number of oxygen donors from each unit are 1+3, 2+3 and 2+2 respectively. A 
final co-ordination number of six is achieved by each sodium by the binding of 
solvent molecules. Each of these sodiurns has close contacts with two of the first 
type each from two units, Ca. 3.2A, leading to the formation of triangles within the 
links between the CO2Na6 fragments. 
This inter-unit linking ultimately forms a two-dimensional polymer which 
extends in the ac plane, Figure 4.4.3: 
_) 
Figure 4.4.3: The Two-Dimensional Polymer Viewed Down the b Axis 
There are no specific bonding interactions between the layers which consist 
of a 24-membered macrocycle made up of six sodiums, twelve oxygens and six 
carbon atoms. The macrocycles are several atoms thick and contain the remainder of 
the metal atoms. The cavities formed by the macrocycle are occupied by methyl 
groups from both acetate and methanol ligands. Figure 4.4.4 shows a schematic of 
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how the structure is built up from the linking CO2Na6 moieties and through the 
sodium triangles. 
Figure 4.4.4: Schematic Showing The Macrocyclic Structure And CO2Na6 Units 
Bridged via Na Triangles 
4.5 Reactions of Cobalt Carboxylates With Lanthanoid Salts 
After the synthesis of the cobalt-sodium carboxylate polymer, the possibility 
of synthesising polynuclear complexes containing both cobalt and a lanthanoid 
bridged by carboxylates were examined using several reaction strategies. The only 
known structure of this type is Nd2Co(OAc)8.10H20, formed by the evaporation of 
a slightly acidic aqueous solution of both acetates 132 . 
As discussed in Section 4.2 it is well established that the carboxylate bridges 
in complexes such as [(py)3Co30(OAc)5(OH)t' are labile under fairly mild 
conditions 165 . It was hoped to utilise this observation that the acetates of the C030 
complex might open out and bind to a lanthanoid, which are generally good 
oxophiles, and incorporate it into the cluster framework. Reaction of 
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[(py)3Co30(OAc)5(OH)], 7, with hydrated lanthanum nitrate in refluxing MeCN 
and a small quantity of MeOH to dissolve the lanthanoid produced a dark brown 
solid, similar to that of 7. The 1 H NMR of both the starting material and the product 
were both recorded and indicated that a reaction had occurred. 
The spectra show an appearance of a number of new peaks at higher field. 
The peaks in the aromatic region, around 6 - 10 ppm, remain relatively unchanged 
but have become broader and less defined. Recrystallisation of the product from 
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studies. Analysis of the X-ray data revealed the structure to be that of 
[(py)5Co30(OH)2(OAc)3][PF6]2, an already known compound in this series of 
cobalt(Ill) carboxylates. It would appear that the C030 framework has been left 
intact and not incorporated the lanthanoid but exchanged the acetates for hydroxides 
on the cobalt accompanied by co-ordination of the released acetates to the 
lanthanum. This indicates the thermodynamic stability of the C030 motif and trying 
to include another metal is unfavourable. 
Similar reaction of 7 with yttrium acetate in MeCNIMeOH produced a green 
solution from which a dark green solid was extracted, the nature of which is unclear. 
Microanalysis revealed that the nitrogen content was zero implying the pyridine 
ligands have been displaced and the JR spectrum indicated a simpler species had 
formed. Repetition of the reaction using the nitrate salt of lanthanum again gave no 
firm evidence that the cobalt cluster had incorporated the lanthanoid but 
[(py)5Co30(OH)2(OAc)3] [PF6] 2  had again formed. 
The complex cation [(py)4Co2(OH)2(OAc)3]t 8, contains only one 
bridging acetate and two monodentate acetates, Figure 4.2.5. The monodentate 
acetates thus have a potentially free oxygen donor for the generally oxophilic 
lathanoids to bind to and this would perhaps make a reaction more feasible, since the 
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acetates do not need to dissociate from the cobalt atoms while at the same time 
another mechanism tries to satisfy the co-ordination requirements of the cobalt. 
However, reaction of lanthanum or yttrium acetate with 8 gave results similar to 
those from the reactions of 7, i.e., a brown solid from the reaction with lanthanum 
and a green solid from the reaction with yttrium acetate. The JR of the solid 
products mulled in Nujol, particularly in the case of the yttrium show a loss of most 
of the peaks between 500 and 1700cm -1 , with the strongest peak remaining at 
1560cm, in the region for acetate stretching frequencies. 
As it appears that 7 and 8 are reluctant to react with lanthanum and yttrium 
salts and incorporate them into their structure, a better approach may be to 
synthesise mixed metal complexes in a 'one pot' method, where a stoichiometric 
mixture of lanthanoid and cobalt acetates are treated in the same way as in the 
synthesis of 7, in order to create similar clusters of metal stoichiometry CO2Ln or 
Ln2Co. This reaction afforded a dark brown solid for which analysis revealed no 
evidence for the presence of a lanthanoid but that 7 had formed, again illustrating the 
greater thermodynamic stability of this complex. 
The bridging acetates of complexes like 7 can readily be exchanged under 
fairly mild conditions and a change of ligand may increase the reactivity towards the 
lanthanoids, in particular ligands of 6-substituted 2-pyridones. These ligands are 
known to support mixed metal complexes of copper and lanthanoids 2328 and may 
do the same for cobalt. Therefore reaction of 7 with the potassium salt of chp in 
refluxing MeCN turned the solution from dark brown to green from which a green 
solid was extracted. This solid was distinct from the product of the reaction between 
7 and yttrium acetate and the JR spectrum indicated the presence of the ligand chp, 
with v(C-O) of the pyridone at 1594.2cm and the counter ion, [PF6} with v(P-F) 
at 844.7cm 1 . No further characterisation could be made. In an analogous reaction 
of 7 with the sodium salt of 6-methyl-2-pyridone followed by the addition of yttrium 
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acetate another green solid was isolated, for which the IR spectrum again indicated 
the presence of the pyndone, with v(C-O) at 1618.2cm -1 and [PF6] with bands at 
845.8 and 555.6cm 1 . This product could not be identified exactly and results remain 
inconclusive. 
In the solid state reaction between 7 or 8 with 2-hydroxypyridine a dark 
brown solid is isolated in both cases. The infra-red spectra of both complexes 
indicate the presence of the pyridone ligand with the v(C-O) at 1606.2cm -1 in the 
reaction with 7 and 1605.6cm -1 in that With 8. A peak in both spectra at Ca. 840cm 
, in the region for a P-F stretch is observed indicating the [PF6] countenon is 
retained in both products. 
Complexes of the type MM'2(RCOO)6L2, where L = heterocylic base such 
as quinoline or picoline are well documented, (see Section 4.2 and refs. therein) and 
several examples are known where M or M' is Co(ll). Several reactions between 
cobalt(II)acetate and lanthanum or yttrium acetate in the presence of several bases 
were attempted to try and synthesise mixed metal complexes of this type. The results 
from these reactions proved inconclusive and no direct evidence for the presence of a 
lanthanoid was established. The JR spectra of the solid products indicated the 
presence of acetates and little else and the reaction of cobalt(H)acetate and 
lanthanum acetate with quinoline gave a product that had an almost negligible 
nitrogen content, whereas the analogous reaction with pyridine gave a product with a 
significant nitrogen content. 
The dimeric complexes of general formula CO2(RCOO)4L2, L = quin or 
picoline, are formed by reaction of the metal carboxylate with L. These complexes 
could possibly react with lanthanides as it known that dimenc metal complexes 
bridged by four ligands are reactive towards lanthanide salt, in particular Cu2(chp)4, 
which produces a variety of mixed copper/lanthanoid compounds depending on the 
reaction conditions used 2628 . 
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The complexes CO2(RCO2)4L2 were prepared, where R = Ph or CH2=CH-
and L = quinolme, in situ and the lanthanum acetate or chloride were subsequently 
added. The products that were isolated could not be characterised fully beyond the 
JR spectra indicating the presence of acetates groups. It was also apparent that most, 
if not all, the lanthanum salt was left unreacted. 
In conclusion, it seems that the cobalt complexes of carboxylates mentioned 
above are very reluctant to react with lanthanide salts to form mixed metal 
compounds. In the case of complexes such as 7, the inherent stability of the Co30 
structural moiety is a barrier to reaction or is preferentially formed in the presence of 
the lanthanoids. Although a reaction does occur with yttrium acetate the JR spectrum 
indicates a breakdown of this very motif to a simpler complex. However, the 
complexes 7 and 8 do seem to be reactive to pyridone ligands, both in solution and in 
the solid state, as spectroscopic evidence suggests the presence of the ligand. The 
exact nature of these complexes is unknown and it remains to be seen if the cobalt 
framework in each compound is retained or not. 
The reactions of the cobalt(I)acetates with lanthanoids appear not to have 
the required driving force to bring the two metals together and perhaps a more subtle 
pathway is required. 
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Chapter 5 
Conclusions & Future Work 
The work presented in this thesis demonstrates that a large gap existed in the 
knowledge of first row transition metal-pyridone complexes, outside that known for 
copper and chromium. Several new complexes of cobalt and substituted pyridones 
have been synthesised and structurally characterised, representing the most 
comprehensive study of these complexes since that first reported by Gamer et al. 105 
in 1983 in which a duodecanuclear structure was identified. Since then very few first 
row complexes have been reported, except for chromium and copper. 
The work also demonstrates the variety of co-ordination modes that the 2-
pyridones can adopt, summarised in Figure 5.1. 
M 	 0 
(H)N





D/ 	~ O\\/  
Bi-nucleating 
	 Tri-nucleating 
Figure 5.1: Possible Co-ordination Modes Of 2-Pyridones 
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The characterisation of Co(mhp)2(phen), 2, demonstrated that mhp ligands 
could chelate to only one cobalt centre without the oxygen bridging to other metals, 
as seen in the CO 12 complex characterised by Gamer. This co-ordination mode is not 
unusual and has been seen for a variety of metals, for example, [Ru(mhp)2(PPh3)2] 
and [Cu(mhp)2(2,2'-bipy)J. 
The synthesis of CO3(i-chp)6(WA)6, 1, saw the first structurally 
characterised complex with the pyri done ligands bridging between two metal centres 
through the exocycic oxygen only also leaving the nitrogen unprotonated and unco-
ordinated. This co-ordination mode was also adopted in [Co(OAc)(p.-bhp)(4,4'-Me2-
bipy)], 4 and [Co(.t-fhp)(fhp)(4,4'-Me2-bipy)]2, 5, with the bhp and fhp ligands 
respectively. Few studies of bhp or flip complexation to first-row transition metal 
have been reported. The bhp ligand has been found bridging two metals through both 
the ring N and exocyclic 0 in [Cu2(bhp)4] 99, for example. In 5 the thp ligands were 
found both 92-bridging and chelating. Both co-ordination modes are new for fhp, 
which again normally adopts a 1,3-bridging mode as in [M2(fhp)4], M = Cr, Mo or 
W37 .  
Chelating bhp ligands were seen in Co(bhp)2(4,4'-Me2-bipy)], 6, an 
analogous compound to 2 and it was previously believed that bhp and fhp ligands 
preferred to bond only through the exocydic oxygen as the presence of a 6-
substituent in the pyridone ring would reduce the basicity of the ring nitrogen 
towards a metal and hence would not co-ordinate or in a 1,3-bridging arrangement. 
The physical studies also showed some interesting results. The 'H NMR of a 
variety of the complexes showed the chemical shifts to range from -22.6ppm up to 
1 96.4ppm due to the effect of the paramagnetic cobalt(H) centre and the 
delocalisation of charge around the aromatic pyridone rings. The variation of the 
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paramagnetic shift with the electronic nature of the 6-substituent is curious and 
remains to be comprehensively understood. 
Variable temperature magnetic studies showed the two metals in the dimeric 
complex 4 to be antiferromagnetically coupled at low temperatures. This interaction 
was relatively weak with J = -23cm comparable to J - -20cm- ' for the already 
known dimeric cobalt(ll)carboxylates109' 154457 
As to future work, the cobalt systems still need further attention. The nature 
of the complexes initially formulated as Co(xhp)2, xhp = mhp, chp, bhp, fhp and hp 
still remains largely unknown. Although for the mhp ligand the polymer 3 was 
isolated analysis does not agree exactly with the observed structure and the species in 
solution is also unclear. 
The products that contain the bhp ligand 4 and 6 are interesting, one 
containing only chelating bhp ligands and the other only ligands bridging through the 
exocyclic oxygen. Both appear to be formed in the reaction mixture as analysis 
appears to be consistent with a 1:1 mixture. This may imply that there is a 
mononuclear form of 5, containing only chelating bhp ligands as in 6. Magnetic 
studies of 5 should prove interesting and may show some dependence on the nature 
of the bridging ligand. This may be correlated against the results obtained for 4. 
Work is also under progress to synthesise 2-pyridone complexes of other first 
row metals. A range of trinucilear nickel(II) complexes have recently been 
characterised, as mentioned in Section 1.3.7. Investigations into their magnetic 
properties is currently underway. Although complexes of the protonated ligand are 
known, no manganese or iron complexes of the unprotonated ligand have been 
reported. Work is at present ongoing in order to fill these gaps in what has been 




The infra-red spectra of the compounds were recorded as solids mulled in 
Nujol between NaCl plates on a Perkin-Elmer 1600 series FT-IR spectrometer. 
The uv/vis. spectra were recorded on a Shimadzu UV160A spectrometer. 
The 1H, 13C  and 19F NMR spectra of the compounds were recorded on a 
Briiker AM 360MHz spectrometer as CDC" solutions. 
Room temperature magnetic susceptibilities were measured on a Johnson-
Matthey balance MSB 1. Variable temperature magnetic studies were carried out on 
SQUID magnetometers (Quantum Design). 
Mass spectra of the compounds were taken as 3-NOBA matrices and 
recorded on a Kratos MS50 T.C. by Fast Atom Bombardment. 
The microanalyses were performed on a Perkin-Elmer 2400 Elemental 
Analyzer by the University of Edinburgh Microanalytical Services. 
The X-ray data was collected on a Stoë STADI-4 four-circle diffractometer 
with Oxford Cryosystems low temperature device 170 , graphite-monochromated Mo-
Ka radiation, o-28 scans. All data were corrected for absorption. All structures were 
solved by the heavy-atom method using SHELXS-86 171 and refined using SHELXL-
93172 or SHELXS-76 173 . 
Solvents were dried using standard reagents 174 and distilled and collected 
under nitrogen. 
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6.1 Synthesis of CO3(t-chp)6(Pr'0H)6, (1) 
Hydrated cobalt(II)nitrate (immol, 0.29g), was dissolved in distilled water 
15cm3, to which was added dichloromethane (15cm 3). To this solution hydrated 
potassium 6-chloro-2-pyridonate, (2mmol, 0.30g), formed from the 1:1 reaction 
between KOH and Hchp in distilled water and dried in vacuo, was slowly added and 
allowed to stir for a period of 3hours. After this time, the solution was filtered and 
the purple solid that remained was washed with dichioromethane and diethylether 
and subsequently dried in vacuo giving 0.47g of a purple solid. 
Several rectangular pink crystals suitable for X-ray diffraction studies were 
grown from a solution of ethanol and iso-propanol. The structure was solved by the 
heavy atom method using SHELXS-86 and refined by SHELXL-93 with all non-H 
atoms anisotropic. The hydrogen atoms were added in calculated positions at fixed 
distances and with fixed isotropic thermal parameters. Crystal data given in Table 
6.1. 
CHN: CO3(chp)6(HNO3)6, CO3C30H24N12O24C16, calculated %C = 27.3, %H = 
1.4, %N = 12.7, find %C = 25.8, %H = 1.3, %N = 11.9 
JR. cm- 1, 	1651.9m, 1597.5s, 1540.5m, 1162.2s, 1071.7w,1000.9m, 932.7m, 
917.5m, 784.4m 
6.2 Synthesis of Co(mhp)2(phen), (2) 
Cobalt(II)acetate, (1 .92mmol, 0.34g), and 6-methyl-2-hydroxypyridine, 
(4.2mmol, 0.55g), were mixed by agitation and heated together at 160°C for 
15minutes. under an atmosphere of nitrogen. During this time, a purple coloured 
melt formed. Excess Hmhp was removed by sublimation in vacuo and the dark solid 
that remained, after being allowed to cool, was dissolved in thy dichloromethane, 
(20cm3). The solution was filtered and 1 ,10-phenanthroline, (1 .9mmol, 0.35g), was 
added slowly while stirring. The solution turned yellow-orange over a period of 
5hours after which time the solution was filtered. The solvent volume was reduced 
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Table 6.1. Crystal Data And Structure Refinement for 1 
Empirical formula CO3 C48 H66 N6 012  C16 
Formula weight 1308.56 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo Ka 
Crystal system Triclinic 
Space group P-i 
Unit cell dimensions a= 12.038(14) A a = 101.34(10)° 
b = 14.23(2) A 	P = 103.94(9)0 
c= 19.86(2)A 	7 = 110.02(9)' 
Volume 2954(6) A3 
Z 2 
Density (calculated) 1.471 g/m 3 
Absorption coefficient 1.164 mnf 1 
F(000) 1350 
Orange for data collection 2.51 to 22.5 1° 
Index ranges -12cz=h<=12, -15<=k<=15, 0<=1<=21 
Reflections collected 7780 
Independent reflections 7693 [R(int) = 0.0300] 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7607/0/676 
Goodness-of-fit on F2 0.935 
Final R indices [1>2a(I)] Ri = 0.0647, wR2 = 0.1881 
R indices (all data) Ri = 0.0966, wR2 = 0.2684 
Largest diff. peak and hole 0.976 and -0.829 ek 3 
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and the product recrystallised by slow ether diffusion into the solution. Yield = 
0.62g, 71%. Crystals suitable for X-ray diffraction were grown by slow ether 
diffusion into a dichloromethane solution of the recrystallised product. The structure 
was solved by the heavy-atom method using SHELXS-86 and refined using 
SHELXL-93 with all non-hydrogen atoms anisotropic. The hydrogen atoms were 
located in the difference map and their positions and isotropic thermal parameters left 
to refine. Crystal data is given in Table 6.2. 
CHN: Co(mhp)2phen, C24H20N402Co, calculated %C = 63.3, %H = 4.4, 
= 12.3, found %C = 64.0, %H = 4.9, %N = 11.6 
FAB-MS: 	455 = Co(phen)(mhp)2 
347 = Co(phen)(mhp) 
239 = Co(phen) 
JR. cm- 1, 	1670.8s, 1613.7s, 1550.5s, 1259.6w, 1211.6m, 1166.1m, 999.9m, 
925.Om 806.0m, 728.3m 
1 H NMR 	8 -22.5 (s, 6H), 8.2 (s, 2H), 17.0 (s, 2H), 21.9 (s, 2H), 
36.9 (s,2H), 53.0(s, 2H), 82.0 (s, 2H), 83.4 (s, 2H) 
Electrochemistry of 2 in CH2CII2 with 0.5M TBABF4, platinum counter electrode, 
microplatinum working electrode and Ag/AgC1 reference electrode at 293K, against 
Fc/Fc, i-1.663V(irrev.), -1.289V(irrev.); at 233K +1.675V(irrev.) 
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Table 6.2. Crystal Data And Structure Refinement For 2. 
Empirical formula Co C24  H20N4 02 
Formula weight 455.37 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo Ka 
Crystal system Monoclinic 
Space group P21/c 
Unit cell dimensions a= 11.917(6)A a = 90° 
b = 8.658(4) 	A f3 = 98.20(3)° 
c = 20.196(9) A 	= 90° 
Volume 2063 (2) A3 
Z 4 
Density (calculated) 1.467 g/cm3 
Absorption coefficient 0.861 mm4 
F(000) 940 
Crystal size 0.5 x 0.25 x 0.25 mm 
8 range for data collection 2.56 to 22.51 deg. 
Index ranges -12<=h<=12, 0k=k<=9, 0<=l<=21 
Reflections collected 3663 
Independent reflections 2697 [R(int) = 0.0203] 
Refinement method Full-matrix least-squares on F2 
Data I restraints / parameters 2682/0/360 
Goodness-of-fit on F2 2.375 
Final R indices [I>2c(I)] Ri = 0.0271, wR2 = 0.0476 
R indices (all data) RI = 0.0407, wR2 = 0.0509 
Largest diff. peak and hole 0.211 and -0.243 e.A 3 
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6.3 Synthesis of [Co2Na2(mhp)6(Hmhp)(H20)], (3) 
Anhydrous cobalt(H)acetate, (1 .9mmol, 0.34g), and sodium 6-methyl-2-
pyridonate, (4.2mmol, 0.55g), (made from the 1:1 reaction between sodium and 
Hmhp in methanol and dried in vacuo), were stirred together in dry dichioromethane 
under an atmosphere of nitrogen for 24hours, during which time the solution became 
blue-purple. The solution was filtered and the solvent removed under a reduced 
pressure, leaving a dark purple solid. 
A portion of the solid was dissolved in toluene and left to stand at -5°C for 
four weeks, after which time a few pink crystals of suitable quality for X-ray 
diffraction studies formed. The structure was solved by the heavy atom method using 
SHELXS-86 and refined using SHELXL-93 with all non-H atoms amsotropic but 
with a rigid body constraint applied to the displacement parameters of the atoms in 
the pyridone rings as the atomic displacement parameters of 1 are high and very 
anisotropic. The cause of this seems to be poor crystal quality. Refinement in P 1 
produced no improvement. Crystal data is given in Table 6.3. 
CHN crude solid: 	%C = 54.4 %H = 5.4 	%N = 9.7 	%Na = 0.9 
Co(mhp)2 requires %C = 52.4 %H = 4.3 	%N = 10.1 %Na = 0.0 
[CO2Na2} requires %C = 53.7 %H = 4.8 	%N = 10.4 %Na = 4.9 
IR, cm- , 
	
	1652.8s, 1603.5s, 1560.0s, 1243.5m, 1156.2m, 1041.9m, 1009.5m, 
790.6m, 743.4m 
Electrochemistry in CH202 with 0.5M ThABF4, platinum counter electrode, 
microplatinum working electrode and Ag/AgC1 reference electrode at 293K, against 
FcfFc, +1 .639V(irrev.) 
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Table 6.3. Crystal Data And Structure Refinement for 3. 
Empirical formula CO2 Na2 C42 H45 N7 08 
Formula weight 939.69 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo Ka 
Crystal system Triclinic 
Space group P-i 
Unit cell dimensions a = 11.618(5) A 	a = 87.86(10)° 
b = 12.931(5) A 	P = 71 .45(10) 0 
c = 17.540(6),k 	'y = 64.36(10)° 
Volume 2237(2) A3 
Z 2 
Density (calculated) 1.395 g/cm3 
Absorption coefficient 0.819 mm-1 
F(000) 972 
Crystal size 0.51 x 0.22 x 0.09 mm 
9 range for data collection 2.62 to 22.530 
Index ranges -11 <=h<=1 2, - 13<=k<=13, 0<=I<=18 
Reflections collected 5784 
Independent reflections 5783 [R(int) = 0.1091] 
Refinement method Full-matrix least-squares onF 2 
Data / restraints / parameters 5755 I 126 / 474 
Goodness-of-fit on F2 1.025 
Final R indices [I>2a(I)] Ri = 0.1230, wR2 = 0.3284 
R indices (all data) Ri = 0.1945, wR2 = 0.3938 
Extinction coefficient 0.006(3) 
Largest diff. peak and hole 1.677 and -1.535 e.A 3 
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6.4 Synthesis of [Co(p-bhp)(OAc)(4,4'-Me2-bipy)]2.2C112C12, (4).2CH202 
To a stirring solution of anhydrous cobalt(III)acetate, (2mmol, 0.354g), in 
dry methanol, (10cm 3), was added dropwise a solution of sodium 6-bromo-2-
pyridonate (4.1mmol, 0.80g), in dry methanol, (10cm 3), (formed from the 1:1 
reaction of sodium methoxide and Hbhp in methanol and dried in vacuo). After a 
period of 3hours. the solution had turned a dark purple and the solvent was then 
removed under reduced pressure. Extraction with dry dichioromethane produced a 
dark purple solution to which was added a solution of 4,4'-dimethyl-2,2'-bipyridine, 
(2mmol, 0.368g), in dry dichioromethane, (5cm 3). Over a short time the solution 
turned from purple to yellow and was allowed to stir for a further 2hours. The 
solution was concentrated to a few cm 3 and the product recrystallised by slow 
diffusion of ether into the solution. Yield = 0.2g. 21%. Several small red crystals 
suitable for X-ray diffraction studies were grown overnight by ether diffusion into 
concentrated dichioromethane solutions of the re-crystallised product. The structure 
was solved by the heavy atom method using SHELXS-86 and refined using SHELKL-
93 with all non-hydrogen atoms anisotropic. The hydrogens were added in calculated 
positions at fixed distances with fixed isotropic thermal parameters. Crystal data is 
given in Table 6.4. 
CHN: [Co(OAc)Qi-bhp) (4,4'-Me-bipy)] 2 CO2C38H36N6O6Br2, calculated %C = 
48.0, %H = 3.8, %N = 8.8, found %C = 48.7, %H = 3.3, %N = 9.1 
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Table 6.4. Crystal Data and Structure Refinement for 4.2CH2C12 
Empirical formula Co2 C40 H40 N6 06  Br2 C14 
Formula weight 1120.26 
Temperature 150(2) K 
Radiation Wavelength 0.71073A, Mo Ka 
Crystal system Triclinic 
Space group P-i 
Unit cell dimensions a = 9.46(2) A 	cx = 110.26(13) 0  
b = 10.19(2) A 	P = 93.1(2)0  
c= 13.47(3)A 	y=  106.20(14)° 
Volume 1154(4) A3 
Z 1 
Density (calculated) 1.613 g/cm3 
Absorption coefficient 2.733 mm-1 
F(000) 562 
Crystal size 0.38 x 0.12 x 0.10 mm 
9 range for data collection 2.57 to 27.5 1° 
Index ranges -12<=h<=10, -13<=k<=12, 0z=R=17 
Reflections collected 6423 
Independent reflections 4407 [R(int) = 0.0752] 
Refinement method Full-matrix least-squares on F2 
Data / restraints I parameters 4391/0/307 
Goodness-of-fit on F2 0.989 
Final R indices [1>2a(I)] RI = 0.0723, wR2 = 0.1342 
R indices (all data) Ri = 0. 1696, wR2 = 0.1875 
Largest diff. peak and hole 0.859 and -0.746 e.A 3 
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FAB-MS, ni/z 705 = CO2(bhp)2(OAc)(4,4'-Me2-bipy) 
648 = Co(bhp)2(OAc)(4,4'-Me2-bipy) 
589 = Co(bhp)2(4,4'-Me2-bipy) 
462 = Co(bhp)2(OAc) 
415 = Co(bhp)(4,4'-Me2-bipy) 
289 = Co(OAc)(bhp) 
243 = Co(4,4'-Me2-bipy) 
1 H NMR, 4, 6 -1.1 (s, 6H), 12.4 (s, 2H), 44.3 (s, 2H), 48.9 (s, 2H), 59.4 (s, 2H), 
69.4 (s, 2H), 137.0 (s, 2H) 
IR, cm- 1, 	1614.5s, 1596.2s, 1529.9s, 1405.6s, 1307.4m, 1243.4m, 1220.1w, 
1156.3s, 1127.8m, 983.6s, 919.8w, 894.8m, 831.8m, 777.7s, 730.2m, 
681.9m, 602.0w, 553.9w, 518.1m 
Electrochemistry in CH2C12 with 0.1 M TBABF4, platinum counter electrode, 
microplatinum working electrode and AgIAgC1 reference electrode at 293K, against 
FcfFc, -1.423V(irrev), -1.664V(irrev); in DMF, 0.1M TBABF4, -1.450V(irrev.), 
-1 .648V(irrev.), at 233K, -1 .459V(semi-reversible). 
6.5 Synthesis of 6-Fluoro-2-Hydroxypyridine 175 
The synthesis is based upon the reported preparation of 6-bromo-2-
hydroxypyridine 176. 
Sodium metal, (ig), was dissolved in tert-butyl alcohol, (100cm 3), with 
stirring and warming the solvent. When all the sodium had dissolved 2,6-
difluoropyridine, (2cm3 , 22mmol), was added and the solution brought to reflux for 
8hours. After this time, the solvent was removed under reduced pressure and ice cold 
water, 100cm 3, was added. The pH of the aqueous solution was adjusted to acidity 
using 3M hydrochloric acid. The product was then extracted by adding chloroform in 
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two portions, (2 x 100cm 3) and separated from the aqueous layer. The chloroform 
was removed under reduced pressure leaving a white solid. Yield = 1.833g, 74%. 
Crystals suitable for X-ray diffraction were grown from a methanol solution. 
CHN: Calculated for C5H4NOF, %C = 53. 1, %H = 3.5, %N = 12.4, found %C = 
53.1, %H = 3.6, %N = 11.9 
IR, cm- 1, 	1640.0s, 1597.4s, 1574.0s, 1493.6s, 1345.9s, 1242.4s, 1143.7m, 
1069.7m, 1018.0s, 995.9s, 864.3w, 824.4w, 789.2s, 744.0s, 668.0w, 
660.0w, 585,3w 
EI-MS,nilz, M+ = 113 
1 HNMR: 	8 11.68 (s, 1H), 6.45 (d, 1H), 6.63 (d, 1H), 7.71 (q, 1H) 
13C NMR: 	8 99.06, 107.08, 144.21, 159.45, 163.36 
19F{ 1 H} NMR: 	8 -75.71 (s) 
Crystallographic data for C5H4NOF: M = 113, monocinic, space group P21/n, a = 
16.023(10), b = 3.701 (2), c = 16.917(g) A, j3 = 103.41(6)°, V = 975 A3 , 2, = 
0.71073A, Z = 8, Dc  = 1.54g cm-3,  T= 150K, colourless needle 0.82 x 0.12 x 0.12 
mm, ji = 0.134mm, the structure was solved using SHELXS-86 and refined with all 
non-H atoms anisotropic using SHELXL-93 to give RI = 0.0648 (wR2 = 0.1264) 
and GooF = 1.108 for 1252 independent reflections (F> 2ofl, 5:528<-45°). 
6.6 Synthesis of CO2(flip)4(4,4'-Me2-bipy)2.CH2Cl2, (5).CH2Cl2 
To a stirring solution of anhydrous cobalt(H) acetate, (immol, 0.1 8g) in 
dry methanol, (10cm3), was added a solution of Na(fhp).MeOH, (2. immol, 0.36g), 
formed by the 1:1 reaction of sodium metal with Hifip in methanol and dried in 
vacuo, and allowed to stir for a period of three hours under an atmosphere of 
nitrogen. After this time, the solvent was removed under a reduced pressure leaving 
a dark purple solid. Extraction with dry acetonitrile produced a purple solution which 
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was filtered and the solvent again removed leaving a dark purple solid. Yield = 
0.11g. 
CHN for solid: find %C = 39.4, %H = 2.53, %N = 8.0, calculated for 
CO2(fhp)2(OAc)2.MeCN, CO2C16H15N306F2, %C = 38.3, %H = 3.0, %N = 8.3 
JR. cm- 1, 	1618.7s, 1549.8m, 1228.0m, 1149.5m, 1067.4w, 1017.4m, 
783.6m, 668.0m. 
FAB-MS, miz 460 = CO2(thp)2(OAc)2 
AA _t. 
9t - u211ik.Ji-) 
389 = CO2(fhp)(OAc)2 
Into dry acetonitrile, (10cm 3), was dissolved 'C0(OAc)2(fhp)2.MeCN', 
prepared as above, (50mg, 0. immol), (prepared as above). To this solution 4,4'-
Me2-bipy, (34mg, 0.18mmol), dissolved in dry dichloromethane, (10cm 3), was 
added dropwise whilst stirring, under an atmosphere of nitrogen. Over a short time 
the solution turned from a dark purple to a red-brown colour and was left to stir for 
a further 3hours. After this time the solvents were removed under a reduced 
pressure. The red-brown solid that remained was dissolved up in a few cm 3 of 
dichioromethane and reciystallised by slow diffusion of ether into the solution, 
affording several yellow crystal suitable for X-ray diffraction studies. Yield = 50mg, 
25%. 
The structure was solved by the heavy atom method using SHELXS-86 and 
refined using SHELXL-93 with all non-hydrogen atoms anisotropic. The hydrogens 
were added in calculated positions at fixed distances with fixed isotropic thermal 
parameters. Crystal data is given in Table 6.5. 
CHN: CO2(fhp)4(4,4'-Me2-bipy)2.CH2C12, CO2C45H38N804C12F4, calculated %C 
= 52.9, %H = 3.7, %N = 10.9, found %C = 51.3, %H = 3.7, %N = 10.3 
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Table 6.5. Crystal Data And Structure Refinement For 5.CH2C12 
Empirical formula CO2 C45 H38 N8 04 C12 F4 
Formula weight 1019.59 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo Ka 
Crystal system Monoclinic 
Space group C2/c 
Unit cell dimensions a = 20.56(2) A 	a = 90° 
b = 11.319(12) A P = 119.10(6)0  
c= 21.47(2)A 	7=90° 
Volume 4365(7)A3 
Z 4 
Density (calculated) 1.551 g/cm3 
Absorption coefficient 0.954 mm-1 
F(000) 2080 
Crystal size 0.23 x 0.19 x 0.16 mm3 
Theta range for data collection 	2.62° to 22.50° 
Index ranges -22<=h<=19, 0k=k<=12, 0<=1<=23 
Reflections collected 3770 
Independent reflections 2848 [R(int) = 0.0704] 
Refinement method Full-matrix least-squares on F 2 
Data / restraints / parameters 2823/0/296 
Goodness-of-fit on F2 1.065 
Final R indices [I>2a(I)] Ri =0.0467, wR2 = 0.0897 
R indices (all data) Ri = 0.0852, wR2 = 0.1101 
Largest cliff. peak and hole 0.334 and -0.317 e.A 3 
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IR, cm- 1, 	1620.3s, 1547.2m, 1366.2m, 1327.4m, 1226.9m, 1149.5w, 
1029.2w, 1001.8m, 829.6m, 778.3m, 592.1w, 5 19.9w 
FAB-MS, 	No peak for molecular ion observed 
Peaks for m/z 922 = CO2(fhp)3(4,4-Me2-bipy)2(MeCN)(OAc) 
863 = CO2(fhp)3 (4,4-Me2-bipy)2(MeCN) 
823 = CO2(fhp)3(4,4-Me2-bipy)2 
678 = CO2(fhp)3(4,4-Me2-bipy)(MeCN) 
638 = Co')(fhp)3(4.4-Me2-bipy) 
526 = CO2(fhp)(4,4-Me2-bipy)2 
467 = Co(thp)2(4,4-Me2-bipy) 
355 = Co(fhp)(4,4-Me2-bipy) 
1 H NMR, 	8 -1.2 (s, 6H), 5.9 (s, 2H), 43.0 (s, 2H), 48.6 (s, 2H), 52.3 (s, 2H), 
58.2 (s, 2H), 196.4 (s, 2H) 
19F NMR, 	8-140(s) 
6.7 Synthesis Of Co(bhp)2(4,4'-Me2-bipy).H20, (6).H20 
Anhydrous cobalt(H)acetate, (2mmol, 0.354g), was dissolved in dry 
methanol, (10cm3), to which was added dropwise a solution of sodium 6-bromo-2-
pyridonate (4.1mmol, 0.80g), in thy methanol, (10cm 3), formed as in 6.4. After 
3hours. the solution had turned a dark purple and the solvent was then removed 
under reduced pressure. Extraction with dry dichioromethane produced a dark 
purple solution to which was added a solution of 4,4'-dimethyl-2,2'-bipyridine, 
(2mmol, 0.368g), in dry dichioromethane, (5cm 3). Over a short time the solution 
turned from purple to red and was allowed to stir for a further 2hours. The solution 
was concentrated to a few cm 3 and the product crystallised by slow diffusion of 
ether 
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Table 6.6. Crystal data and structure refinement for 6.H20 
Empirical formula Co C22 H20 N4 03 Br2 
Formula weight 607.17 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo K a 
Crystal system Triclinic 
Space group P1 
Unit cell dimensions a = 9.003(9) A 	a = 96.64(8) 
b = 10.050(9) A = 100.03(8)° 
c= 14.507(14)A 	'y= 113.56(8)° 
Volume 1160(2) A3 
Z 2 
Density (calculated) 1.739 g/cm3 
Absorption coefficient 4.217 mm 
F(000) 602 
Crystal size 0.82 x 0.25 x 0.19 mm3 
Theta range for data collection 2.54 to 24.99° 
Index ranges -10<=h<z=10, -11<=k<=11, 0<=1<=17 
Reflections collected 4813 
Independent reflections 4013 [R(int) = 0.0583] 
Refinement method Full-matrix least-squares on F 2 
Data / restraints / parameters 3996/3/297 
Goodness-of-fit on F2 1.040 
Final R indices [I>2sigma(I)] RI = 0.0437, wR2 = 0.0975 
R indices (all data) Ri = 0.0730, wR2 = 0.1140 
Largest diff. peak and hole 0.748 and -0.557 e.A 3 
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into the solution. Yield = 0.27g, 41%. Several small red crystals suitable for X-ray 
diffraction studies were grown overnight by ether diffusion into concentrated 
dichloromethane solutions of the crystallised product. The structure was solved by 
the heavy atom method using SHELXS-86 and refined using SHELXL-93 with all 
non-hydrogen atoms anisotropic. The hydrogens in 6 were added in calculated 
positions at fixed distances with fixed isotropic thermal parameters. The hydrogens 
on the water of crystallisation were found in the difference map, their distances 
restrained and positions allowed to refine.Crystal data is given in Table 6.6. 
CHN: Calculated for CoC22H18N402Br2, %C = 44.8, %H = 3. 1, %N = 9.5, found 
%C = 43.3, %H = 3.3, %N = 9.1 
IR, cm- 1 , 	1616.5s, 1595.2s, 1532.9s, 1406.2s, 1307.4m, 1243.4m, 
1154.1s, 1127.5m, 983.8s, 894.8m, 831.8m, 777.7s, 730.2m, 
685.9m, 602.0w, 520.1m 
FAB-MS, m/z, 	M = 589 = Co(bhp)2(4,4'-Me2-bipy) 
415 = Co(bhp)(4,4'-Me2-bipy) 
243 = Co(4,4'-Me2-bipy) 
6.8 Synthesis of Co(mhp)2L ; L = 2,2'-bipy, 4,4'-Me2-bipy 
In a method similar to that of the synthesis of Co(mhp)2(phen), anhydrous 
cobalt(B)acetate, (2mmol, 0.35g), was mixed with 6-methyl-2-hydroxypyridine 
(4.2mmol, 0.55g). The mixture was heated to a temperature of 160°C for 15minutes 
under an atmosphere of nitrogen. During this time a purple melt formed after which 
excess Hmhp was removed by sublimation in vacuo. The dark solid that remained 
was allowed to cool to room temperature and was dissolved in dry dichioromethane, 
(20cm3). The solution was filtered and 2,2-bipy, (2mmol, 0.31g), was slowly added 
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to the solution while stirring. The solution turned from purple to orange over a 
period of 3hours and was subsequently filtered. The solvent volume was reduced to a 
few cm3 and the product recrystallised by slow diffusion of ether into this solution. 
Yield = 0.54g, 63%. 
Similarly, Co(mhp)2(4,4'-Me-bipy) was prepared using the above method, 
but the 2,2'-bipy was replaced with 4,4'-Me2-bipy, (2mmol, 0.37g). Yield = 0.48g, 
52%. 
CHN: Co(mhp)2(2.T-bipy), CoC22H20N4O2, calculated %C = 61 .2, %H = 4.7, 
%N = 13.0, found %C = 60.0, %H = 3.8, %N = 12.42 
FAB-MS, miz No peak for molecular ion 
323 = Co(mhp)(2,2'-bipy) 
215 = Co(2,2'-bipy) 
167 = Co(mhp) 
IR, cm- , 	1669.5w, 1603.1s, 1547.9s, 1314.6m, 1255.9m, 1157.1m, 
1089.5w, 1040.0m, 1020.4m, 995.3m, 869.9m, 786.5m, 756.8s 
CHN: Co(mhp)2(4,4'-Me-bipy), CoC24H24N402, calculated %C = 62.7, %H = 
5.2, %N = 12.2, found %C = 62.7, %H = 5.7, %N = 12.1 
FAB-MS, m/z, No peak observed for molecular ion 
351 = Co(mhp)(4,4'-Me2-bipy) 
243 = Co(4,4'-Me-bipy) 
167 = Co(mhp) 
IR, cm- 1, 	1617.9m, 1599.5s, 1550.0m, 1153.5m, 1037.9m, 1017.9m, 995.5m, 
820.2m, 786.8m, 738.Om 
1 HNMR, 	8 -19.6 (s, 6H), -4.1 (s, 6H), 14.3 (s, 2H), 35.7 (s, 2H), 51.8 (s, 2H), 
62.8 (s, 2H), 77.3 (s, 2H), 88.8 (s, 2H) 
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6.9 Synthesis of Co(chp)2L ; L = 2,2'-bipy, 4,4'-Me2-bipy, phen 
Cobalt(H)acetate, (1 .92mmol, 0.34g), and 6-chloro2-hydroxypyridme, 
(4.2mmol, 0.54g), were heated together at 160°C for 20mmutes under an 
atmosphere of nitrogen. During this time a purple melt formed. The melt was 
allowed to cool to 140°C and excess Hchp was removed by sublimation in vacuo. 
The melt was left to cool to room temperature and the dark solid that remained 
dissolved in dry dichloromethane, (20cm 3) and the solution subsequently filtered. To 
the solution was added 2,2'-bipyridine (1.92mmol, 0.30g), and the solution allowed 
to stir for 3hours, during which time the solution became orange-yellow. The 
resulting solution was filtered and the volume of the solvent was reduced. The 
product was recrystallised by slow ether diffusion in to the solution. Yield = 0.50g. 
55%. 
CHN analysis for Co(chp)2(2,2'-bipy), CoC20H14N402C12, calculated %C = 50.8 
%H = 3.0, %N = 11.9, found %C = 52.2, %H = 3.7, %N = 11.1 
IR,cnr 1 , 	1591.7s, 1528.2s, 1334.2m, 1289.5m, 1249.7m, 1228.5m, 1156.3s, 
1019.5m, 984.0s, 904.8m, 784.2s, 693.3m 
To synthesise Co(chp)2(4,4'-Me2-bipy) and Co(chp)2(phen), a similar 
method was used except one equivalent of 4,4'-Me-bipy, 0.35g, and phen, 0.35g, 
were used in place of the 2,2'-bipy respectively. 
CHN: Co(chp)2(phen), CoC22H14N402C12, calculated %C = 53.2, %H = 3.0, 
%N = 11.3, found %C = 53.2 %H =3.5 %N = 11.0. Yield = 0.45g. 47% 
IR, cm4 , 	1598.4s, 1530.2m, 1492.0m, 1249.2m, 1223.7w, 1164.2s, 1138.4m, 
1101.9m, 1057.5w, 993.3s, 992.7m, 854.6, 830.6w, 775.6m, 696.Om 
FAB-MS 	No peak for molecular ion observed 
176 
CHN: Co(chp)2(4,4'-Me2-bipy), CoC22H1 8N402C12, expect %C = 52.8, 
%H=3.6, %N = 11.2, found %C = 53.2 7 %H = 3.6, %N = 10.8. Yield = 0.57g, 
59% 
IR, cm- 1 , 	1617.8s, 1592.2s, 1528.5s, 1354.6m, 1305.3m, 1289.7m, 1228.8m, 
1156.4s, 1019.7m, 984.2s, 918.2m, 905.0m, 829.9m, 784.3s, 693.4m 
FAB-MS, in/z 500 = M = Co(chp)2(4,4'-Me2-bipy) 
372 = Co(chp)(4,4'-Me2-bipy) 
243 = Co(4,4'-Me2-bipy) 
'H NMR, 	8 -1.1 (s, 6H), 9.4 (s, 2H), 46.6 (s, 2H), 50.3 (s, 214), 
56.1 (s, 211), 66.7 (s, 2H), 152.8 (s, 2H) 
Recrystallisation of Co(phen)(chp)2 led to the formation of small red single 
crystals, which upon X-ray analysis revealed them to be cis-Co(phen)2C12.2CH202. 
Similarly, recrystallisation of Co(chp)2(4,4-bipy) afforded several small red crystals 
and X-ray data demonstrated these to be cis-Co(OAc)2(4,4'-Me2-bipy)2.2CH2C12. 
6.10 Synthesis of Co(hp)2L, L= 2,2'-bipy, 4,4-Me2-bipy and phen 
In a typical reaction cobalt(III)acetate, (1.92mmol, 0.34g) was mixed with 2-
pyridone, (4.2mmol, 0.40g) and heated to 160°C under an atmosphere of nitrogen 
for 20minutes, during which time a purple melt formed. After this time the melt was 
cooled to 120°C and excess Hhp was removed by sublimation in vacuo. On cooling 
to room temperature the dark solid was dissolved in dry dichioromethane and 
filtered. To the solution was slowly added 2,2'-bipy, (1.92mmol, 0.30g), and left to 
stir for 3hours, turning the solution red-orange. The solvent volume was reduced to 
a few cm3 and the product recrystal]ised by slow ether diffusion into the solution. 
Yield = 0.45g, 60%. 
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CHN: Co(hp)2(2,2'-bipy), CoC20H16N402, calculated %C = 59.6, %H = 4.0, %N 
= 13.9, found %C = 60.7, %H = 4.7, %N = 13.6 
FAB-MS, m/z 403 = M = Co(hp)2(2,2'-bipy) 
IR, cm- l ' 	1647.9m, 1605.6s, 1535.8m, 1274.3m, 1148.6m, 1011.9w, 852.0w, 
760.Om 
Electrochemistry in CH202 with 0.5M TBABF4, platinum counter electrode, 
microplatinum working electrode and Ag/AgC1 reference electrode at 293K, against 
Fc/Fc, 4-1 .785V6rrev.), -1.289V(irrev.) 
The complexes Co(hp)2(phen) and Co(hp)(4,4'-Me2-bipy) were prepared in 
a similar manner with 2,2'-bipy being replaced by phen, 0.35g, and 4,4'-Me2-bipy, 
0.35g. respectively. 
Upon recrystallisation of Co(phen)(hp)2 from CH2C12IEt2O, small red 
crystals were formed, suitable for X-ray diffraction studies. Analysis of the data 
revealed them to be Co(phen)3C12.2CH2C12.H20 
CHN: Co(hp)2phen, CoC22H16N402, calculated %C = 61.8, %H = 3.7, %N = 
13. 1, found %C = 58.8, %H = 3.7, %N = 10.2. Yield = 0.46g. 57% 
FAB-MS 	No peak for molecular ion observed 
IR, cm- , 	1623.5m, 1577.8m, 1514.4s, 1345.3m, 1221.3w, 1144.1m, 1103.6m, 
855.2 
CHN: Co(hp)2(4,4'-Me2-bipy), CoC22H20N402, expect %C = 61.2, %H = 4.6, 
%N = 13.0, found %C = 59.3, %H = 4.5, %N = 11.2. Yield = 0.38g. 45% 
FAB-MS 	No peak for molecular ion observed 
IR, cm- 1 , 	1651.3m, 1606.7s, 1543.2m, 1347.5m, 1284.7w, 1151.0m, 1008.3m, 
920.1w, 827.9m, 785.9m 
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6.11 Synthesis of CO3(xhp)6(HOAc)6 ; xhp = mhp, hp, dip 
Hydrated cobalt(Il)acetate, (0.5mmol, 0. 125g), was heated at 120°C in 
vacuo for lhr. The potassium salt of the ligand, immol, was dried by heating in 
vacuo then dissolved in dry ethanol, (20cm 3), when cooled to room temperature. 
The dry cobalt(III)acetate was dissolved in dry ethanol, (30cm 3) and the 
solution of the ligand added slowly while stirring under nitrogen. After 20hours, 
during which time the solution turned purple, the ethanol was removed under a 
reduced pressure. The solid that remained was extracted with dry Alchloromethane, 
filtered and the solvent removed again under a reduced pressure, leaving a purple 
solid. 
L = mhp, yield = 0.096g. 
CHN: calculated %C = 48.6, %H = 5. 1, %N = 7. 1, found %C = 47.6, %H = 4.7, 
%N=8.4 
IR, cm- , 	1669.9s, 1605.6s, 1552.1m, 1305.2w, 1211.4w, 1165.0m, 1043.6, 
999.4m, 925.2m, 788.5m 
L = chp, yield = 0.03g. 
CHN: calculated %C = 38.5, %H = 3.2, %N = 6.4, found %C = 38.7, %H = 3.5, 
%N=6.6 
IR, cm- , 	1652.0s, 1608.5s, 1542.2s, 1285.0m, 1151.1m, 1013.3m, 869.8m, 
778.1m 
L= hp, yield =0.11g. 
CHN: calculated %C = 45.8, %H = 4.4, %N = 7.6, found %C = 44.8, %H = 3.9, 
%N=9.4 
IR, cm- 1, 	1652.0m, 1595.8s, 1540.3m, 1161.4s, 1000.7m, 917. im, 783.6m 
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6.12 Attempted Synthesis of C012(mhp)12(OAc)6(OH)6 
Anhydrous cobalt(II)acetate, (0.4g, 2.26mmol), was heated at 120°C in 
vacuo for 2hours. After this time, 6-methyl-2-hydroxypyndine, (0.6g, 5.5mmol), was 
added and the solids mixed by agitation. The mixture was then heated at 160°C for 
2.5hours under an atmosphere of nitrogen forming a dark purple melt. Excess Hmhp 
and acetic acid was removed by sublimation at 160°C in vacuo onto a cold finger. 
On cooling to ambient temperature the dark solid that remained was dissolved in 
15cm3 of dry dichioromethane and the solution filtered and the solvent removed 
under a reduced pressure, leaving a dark purple solid. This solid was re-crystallised 
from a dry dichioromethane/toluene solution. Yield = 0.28g. 
CHN: Co12(mhp)12(OAc)6(OH)6, Co12C84H96N12O30, calculated %C = 41.0, 
%H = 3.9, %N = 6.8, found %C = 46.1, %H = 4.6, %N = 7.4 
IR, cm- 1, 	3377.8w, 1675.7s, 1615.0s, 1550.0s, 1212.0m, 1167.4m, 1080.7w, 
1045.8w, 999.8m, 926.0m, 872.1w, 799.8m, 668.0w 
6.13 Attempted Synthesis of C012(chp)12(OAc)6(OH)6 
The reaction 6.12 was repeated using 6-chloro-2-hydroxypyridine, (0.71g, 
5.5mmol), in place of the 6-methyl-2-hydroxypyridine, to give 0.32g of a dark purple 
solid. 
CHN: C012(chp)12(OAc)6(OH)6, C012C72H60N12030012, calculated %C = 
32.0, %H = 2.2, %N = 6.2, found %C = 40. 1, %H = 3.0, %N = 7.7 
IR, cm- 1, 	1649.6m, 1593.9s, 1541.3m, 1329.8m, 1245.0w, 1165.0m, 1071.9w, 
1001.6m, 933.5m, 917.5m, 784.6m, 699.8w 
180 
6.14 Attempted Synthesis of Co(4-mbp)2(phen) 
Cobalt(H)acetate, (1. 92mmol, 0. 34g), and 4-methyl-2-pyridone, (4.1 3mmol, 
0.459), were mixed and heated together at 160°C for 20minutes. under an 
atmosphere of nitrogen. After cooling to 140°C, excess ligand was removed by 
sublimation in vacuo. On cooling further to room temperature the dark purple solid 
that remained was dissolved in dry dichioromethane and filtered. The solvent was 
removed under a reduced pressure to leave 0.41g, of a dark purple solid. Into 15cm 3 
of dry dichloromethane was dissolved 100mg, (0.36mmol), of the purple product to 
which was slowly added 1,10-phenanthroline, (70mg, 0.4mmol), turning the solution 
dark orange over a short period of time. The solution was left to stir for 5hours, 
after which time the solvent was removed under a reduced pressure. Any excess 
phenanthroline was removed by sublimation in vacuo leaving a red-orange solid. 
Portions of this solid were dissiloved in dichioromethane and recrystallised by slow 
ether diffusion into the solution. A few crystals suitable for X-ray diffraction were 
grown from this method and analysis of the structural data revealed them to be 
Co(phen)2021CH202.2H20, identical to the product formed from recrystallising 
Co(phen)(chp)2. 
CHN: found %C = 52.3, %H = 4. 1, %N = 7.7 
IR, cm- 1 , 	1655.6m, 1595.2s, 1544.4m, 1326.2w, 1315.8s, 1275.4m, 1231.9m, 
1127.5m, 1101.6w, 1020.3w, 862.0w, 834.0m, 650.1m 
FAB-MS, nilz, No peak for molecular ion 
6.15 Synthesis of [C04Na16(OAc)23(NO3)(CH30H)1 .MeOH] 
Into a mixture of ethanol, (15cm 3) and glacial acetic acid, (15cm 3), was 
dissolved hydrated cobalt(III)nitrate, (2mmol, 0.37g). This solution was brought to 
reflux and sodium acetate, (8mmol, 0.66g), was slowly added. An immediate colour 
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change occured, turning the solution from a pale pink to a very dark purple. The 
solution was allowed to reflux for one hour under nitrogen, after which time the heat 
was removed, the solution left to cool and subsequently filtered. The ethanol/acetic 
acid was removed under a reduced pressure and the purple solid that remained was 
dissolved in methanol and refluxed for 15minutes under nitrogen. 
After being allowed to cool the solution was concentrated to a few cm 3 and a 
dark purple solid was precipitated by addition of diethylether, collected and dried in 
vacuo. Yield = 0.508e. 
Crystals of suitable quality for X-ray diffraction were obtained by slow 
diffusion of ether into a methanol solution of the product. 
Crystallographic data for C04Na16C62H133NO65: M = 2536, monoclinic, space 
group P21/n, a = 21.760(l 1), b = 25.559(12), c = 22.101(8) A, 3 = 110.34(3)', 
V = 11524 A3 , (from 28 values of 17 reflections measured at ±(o (25°:528:!~26°), ?. = 
0.71073 A), Z = 4, D = 1.46g cm 3 , T= 150K, pink tablet, t = 0.71 mmd. The 
structure was solved by the heavy-atom method using SHELXS-86 and refined with 
all non-carbon and non-H atoms anisotropic using SHELXS-76 to give R = 0.0737 
(R w = 0.0822) for 7450 independent reflections (F> 2(F), 29!~45°). 
CHN: [C04Na1 6(OAc)23(NO3)(CH3OH)1 .MeOH], C04Na1 6C62H1 33N065, 
calculated %C = 29.3, %H = 5.2, %N = 0.5, found %C = 25.7, %H = 4.4, 
%N=0.2% 
6.16 Reaction of [(py)3Co30(0Ac)(OH)] [PF6] With Lanthanum(HI)Nitrate 
The complex [(py)3C030(0Ac)(OH)][PF6], 7, was synthesised according to 
the literature method 165 , in which cobalt(fl)acetate tetrahydrate, (1.25g, Smmol) was 
added to a solution of pyridine, (0.46g, 5.8mmol) in glacial acetic acid, (15cm 3). The 
mixture was warmed until all the cobalt(H)acetate had dissolved and peracetic acid, 
(1.1g of 35% in acetic acid, Smmol) was slowly added while the solution was stirred 
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vigourously. The colour turn from dark pink to dark brown. On addition of all the 
peracetic acid, water, (3cm 3), was added and the resulting solution heated to 82°C 
for lhr. After this time the solution was allowed to cool to 70°C and ammonium 
hexafluorophosphate, (0.57g, 3.5mmol), in water, (3cm 3) was then added. The 
mixture was allowed to cool to room temperature and the product collected by 
filtration and dried in vacuo. Yield = 0.797g. 55%. 
CHN: [(py)3CO3O(OAc)(OH)] [PF6], CO3C25H31 N301 2PF6, calculated %C = 
33.9. %H = 35, %N = 4.7, found %C = 34.1, %H = 3.2, %N = 4.8 
FAB-MS, ni/z 742 = [(py)3Co30(OAc)5(OH)] followed by ions corresponding to 
successive loss of pyridine and acetate ligands. 
IR, cm- 1, 	3665.4m, 3552.2m, 1713.6m, 1608.9s, 1590.5s, 1559.8s, 1488.7w, 
1218.5s, 1154.0w, 1071.6m,1047.6w, 1020.6w, 958.4w, 904.3w, 
842.5s (PF6), 787.1w, 771.7w, 691.7m, 630.9w 
1 H NMR, 	ö 9.24 (d, 2H), 8.85 (d, 2H), 8.20 (t, 1H), 8.00 (t, 2H), 7.87 (t, 2H), 
7.70 (t, 2H), 2.17 (s, 3H), 2.13 (s, 6H), 2.01 (s, 6H) 
Lanthanum(III)nitrate hexahydrate, (0.26g, 0.6mmol), was dissolved in dry 
methanol, (10cm3), and slowly added to a refluxing solution of 
[(py)3CO3O(OAc)5 (OH)] [PF6], (0.25g, 0.28mmol), in dry acetonitrile, (40cm 3), 
under an atmosphere of nitrogen. The mixture was allowed to reflux for lhr after 
which time the solution was left to cool to room temperature. The volume of the 
solvent was reduced to a few cm 3 followed by the addition of diethyl ether, (20cm 3) 
which precipitated a dark brown solid. The solid was collected by filtration and 
recrystallised from dichloromethane/diethylether to give 0. 12g of product. 
Crystals suitable for X-ray diffraction were grown by slow ether diffusion 
into an acetonitrile solution. Analysis of the data revealed the structure to be 
[(py)5C030(OAc)3(OH)2}[PF6]2.2CH2C12 an already known structure. 
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CHN: [(py)5C030(0Ac)3(OH)2] [PF6]2, CO3C3 1H36N509P2F12, %C = 34.1, %H 
= 3.3, %N = 6.4, found %C = 37.2, %H = 4.4, %N = 5.3 
FAB-MS, m/z 945 = {(py)5C030(0Ac)3(OH)2][PF6], followed by a complex 
pattern of signals 
	
IR, cm, 	1611.3s, 1217.4w, 1070.0w, 1042.6w, 842.1s (PF6), 764.9w, 
694.8m 
H NMR, 	8 0.05 (s), 0.85 (s), 1.25 (s), 1.7 (s, broad), 2.0 (s), 2.1 (d), 2.15 (s), 
*(s 	''.(s 	')fl(c.\ ')1*(,\ '7'f\ '7 . C* f.% ,  77,kf.\ \ 1' V / .r 	 I 	 t.3)' I ...'J Sj, i ..' 	/ . I 
79* (t), 8.05* (t), 8.25 (t), 8.4* (d), 8.6 (d), 8.9*  (d), 9.15 (d), 
9.3(d). 
The chemical shifts marked * correspond to the peaks for the cation 
1(py)5C030(0Ac)3 (OH)2] 2+ 
6.17 Reaction of [(py)3Co30(0Ac)(OH)] [PF6] With Yttrium(HI)Acetate 
Into dry acetonitrile, (40cm 3), was dissolved [(py)3C030(0Ac)(OH)][PF6], 
(0.25g, 0.28mmol), prepared as above. The solution was brought to reflux under 
nitrogen and hydrated yttrium(ffl)acetate, (1.6g, 0.6mmol), dissolved in dry 
methanol, (10cm 3) was slowly added. The mixture was allowed to continue to reflux 
for a further hour over which time the solution turned from dark brown to dark 
green. After cooling to room temperature, the solvents were removed under reduced 
pressure. The green solid was washed with portions of acetonitrile, (2 x 3cm 3), and 
dried in vacuo. Yield = 0.309g. 
CHN: found %C = 23.6, %H = 4.2, %N = 0.0 
FAB-MS, 	A complex pattern of signals 
IR, cm- 1, 	3362.0s, (broad), 1553.9s, 1155.2w, 1051.8m, 1020.9m, 954.5w, 
846.3w (PF6), 678.9m, 647.5m 
'H NMR, 	A complex pattern of multiplets 
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6.18 Reaction of [(py)4Co2(OAc)3(OH)2][PF6] With Yttrium(HI)Acetate 
The synthesis of [(py)4Co2(0Ac)3(OH)2][PF6], 8, was carried out 
according to the literature method 165 , in which cobalt(fl)tetrahydrate, (2g, 8mmol), 
was dissolved in pyridine, (1.3g, 17mmol), water, (20cm 3) and glacial acetic acid, 
(3cm3). The mixture was stirred vigorously and peracetic acid, (2.8g of 35% acetic 
acid solution, l2mmol), was added dropwise and the colour of the solution turned 
dark purple. The mixture was slowly heated and brought to reflux for lOminutes 
after which time the colour of the solution had become brown. The heat was 
removed and a solution of ammonium hexafluorophosphate, (0.8g, 5mmol), in water, 
(7cm3), was added. The mixture was allowed to cool to room temperature and then 
chilled in an ice bath. The product mixture was collected by filtration and washed 
with water and triturated with dichioromethane. The brown solid that remained was 
identified as the complex [(py)5Co30(OAc)3 (OH)2] [PF6] 2•  The dichloromethane 
washings were transferred to a seperating funnel and the water removed. The organic 
layer was dried with anhydrous magnesium sulphate and the volume adjusted to 
60cm3 with dichloromethane. The solution was layered with 40/60 petroleum ether, 
(30cm3), causing the product to crystallise as dark red/purple crystals after being 
allowed to stand overnight. Yield = 0.93 ig, 32%. 
CHN: [(py)4Co2(OAc)3(OH)][PF6], CO2C26H31N408PF6, caic. %C = 39.5, 
%H = 3.9, %N=7.1, found %C =39.0, %H= 3.8, %N= 6.9 
FAB-MS, m/z 645 = [(py)4Co2(OAc)3(OH)2], followed by fragment ions 
corresponding to the loss of pyridine, acetate and hydroxyl ligands. 
IR, cm- 1 , 	3647.7m, 3524.3m, 1724. lm, 1600.2s, 1535.9s, 1488. lm, 1340.2s, 
1243.7w, 1217.2s, 1157.7m, 1070.5m, 1048.4m, 1020.9m, 976.7w, 
922.2w, 879.0s, 840.8s (PF6), 765.6s, 695.9s, 652.0m, 612.Om 
185 
A solution of [(py)4Co2(0Ac)3(OH)2][PF6], (0.1mmol, 0.08g), (prepared as 
above), in dry acetonitrile, (20cm 3), was brought to reflux and yttrium (1II)acetate 
hydrate, (0.5mmol, 0.133g), dissolved in dry methanol, (10cm 3), was added to the 
solution. After lhr. the colour of the solution had turned from dark brown to green 
and was allowed to reflux for a further hour. The volume of the solvent was reduced 
to Ca. 5cm3 and the solution filtered, removing unreacted yttrium acetate. The 
remainder of the solvent was removed and unreacted [(py)4Co2(0Ac)3(OH)2][PF6] 
was removed by extraction with dichioromethane, (10cm 3). The dark green solid 
that remained was dissolved in methanol, (10cm 3) and filtered. The methanol was 
removed under a reduced pressure, leaving a dark green solid. Yield = 22mg. 
CHN: found %C = 19.7 , %H = 3.5, %N = 0.6 
IR, cm 1 , 	3349.9m (broad), 1654.5w, 1560.3s, 1163.8w, 1019.9m, 952.2w, 
849.7m, 683.5m 
FAB-MS, 	Pattern of weak signals, highest miz at 551 
6.19 Reaction of Cobalt(H) And Lanthanum(Ell) Acetates In Peracetic Acid 
Hydrated cobalt(II)acetate, (0.25g, lmmol), and lanthanum acetate 
hexahydrate, (0.22g, 0.5mmol), were mixed in glacial acetic acid, (10cm 3) and 
warmed until dissolved. Pyridine, (0.16g, 2mmol), was added and the mixture stirred 
for 30minutes, in which time the solution had become dark purple. The solution was 
stirred vigourously while peracetic acid, (0.15g of 35% soln., 2mmol), was added 
dropwise followed by the addition of water, (1.5cm 3). The mixture was heated to 
82°C for ihour and then allowed to cool to 70°C when ammonium 
hexafluorophosphate, (0.25g, 1.5mmol), in water, (5cm 3), was added. The solution 
was left to cool to room temperature and the volume of the solvent reduced and left 
to stand at 5°C for 18hours. The solution was filtered, giving a dark brown solution 
and an insoluble grey precipitate. The solvent was removed under reduced pressure 
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and a brown solution extracted with dry dichioromethane, (20cm 3). This solution 
was filtered and the solvent removed leaving a dark brown solid which was dried in 
vacuo. Yield = 0.123g. 
CHN: found %C = 32.0, %H = 3.6, %N = 4.33 
FAB-MS, m!z 742 = [(py)3C030(OAc)5(OH)] followed by a complex pattern of 
signals. 
IR, cm, 	3665.3m, 1608.0w, 1589.9s, 1559.9m, 1488.7m, 1352.5w, 1261.1w, 
1218.5m, 1153.8w, 1110,7w, 1071.8m, 1047.5m,903.9w,842.4s 
(PF6), 690.4m 
6.20 Reaction of [(py)3C030(0Ac)(OH)][PF6] And Potassium 6-chloro-2-
oxypyridine 
Potassium 6-chloro-2-pyridonate, (0.1g. 0.6mmol), made from the 1:1 
reaction of Hchp and potassium hydroxide in methanol and dried in vacuo, was 
dissolved in methanol, (5cm 3) and added to a solution of 7, (0.09g. 0.lmmol), in 
refluxing acetonitrile, (25cm 3). The mixture was allowed to reflux for lhr, over 
which time the solution turned from brown to green. The heat was removed and the 
solution continued to stir whilst cooling. The solvent was removed under reduced 
pressure and the solid that remained dissolved in acetonitrile, (20cm 3). The solution 
was filtered and the solvent again removed. The green solid that formed was 
dissolved in methanol, (2cm 3) and diethylether, (c.5cm 3), was added to the solution. 
Over a period of 30minutes a green solid did form that was collected by filtration, 
washed with small portions of diethylether and dried in vacuo. Yield = 30mg. 
CHN: found %C = 30.4, %H = 3.0, %N = 5.0 
IR, cm -1 ,1648.0m, 1594.2s, 1539.7s, 1349.7m, 1260.1w, 1161.7m, 1018.7m, 
993.9m, 916.4m, 844.7m (PF6), 783.7m, 697.8m, 668.0w, 593.7w (PF6) 
FAB-MS, 	Weak signal, highest m/z at 1543, most intense miz at 1481 
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6.21 Reaction of [(py)3Co30(OAc)(OH)][PF6] With Potassium 6-methyl-2-
oxypyridine And Yttrium(Ifl)Acetate 
A solution of potassium 6-methyl-2-pyridonate, (made from the 1:1 reaction 
of Hmhp and sodium metal in methanol and dried in vacuo), in methanol, (5cm 3), 
was added to 7, (0.09g, 0. immol), in refluxing acetonitrile, (30cm 3). The mixture 
was allowed to reflux for ihour, over which time the solution turned from brown to 
green. After this time (0.133g. 0.5mmol) of ytrrium(ffl)acetate was added to the 
mixture and continued to reflux for a further hour. The solution turned cloud y and 
there was no apparent colour change After this time the heat was removed and the 
solution continued to stir whilst cooling. The solution was filtered and the solvent 
removed under reduced pressure and the dark oily solid that remained dissolved in 
acetonitrile, (20cm 3). The solution was again filtered and the solvent removed. The 
green solid that remained was dissolved in methanol, (3cm 3), to which was added 
diethylether, (5cm 3) and the solution left to stand overnight. A colourless solid 
precipitated during this time which removed by filtration. The methanol was removed 
under reduced pressure and the dark green solid dried in vacuo. Yield = 140mg. 
CHN: found %C = 33.4, %H = 4.2, %N = 4.3 
IR, cm- 1, 	3383.7m, 1654.0m, 1618.2m, 1560.1m, 1164.0m, 1021.9m, 
1003.5m, 943.4w, 845.8m (PF6), 801.5m, 672.4w, 555.6w (PF6) 
FAB-MS, 	Complex pattern of signals 
6.22 Reaction Of [(py)3CO3O(OAc)(OH)][PF] With 2-Hydroxypyridine In 
The Solid State 
Under an atmosphere of nitrogen, 7, (0.11 g, 0.1 2mmol) and 2-
hydroxypyridine, (0.075g, 0.8mmol) were mixed by agitation and heated to 160°C 
for 30minutes. A dark brown melt formed at this temperature. Excess Hhp was 
removed by sublimation in vacuo at 120°C and subsequently left to cool to room 
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temperature. The dark solid that remained was dissolved in dichloromethane, 
(12cm3) and filtered. This solution was concentrated to a few cm 3 and the product 
re-crystallised by slow ether diffusion into this solution. Yield = 15mg. 
CHN: %C = 36.7, %H = 3.6, %N = 6.6 
JR. cm- 1, 	1648.0s, 1606.2s, 1540.6s, 1155.4w, 842.8s (PF6), 774.3m, 668.1m, 
558.3m (PF6) 
FAB-MS, 	Pattern of weak signals 
6.23 Reaction of [(py)4Co2(OAc)3(OH)2][PF6] With 2-Hydroxypyridine In 
The Solid State 
In a similar reaction to 5.22, II, (0.12g. 0.15mmol) and 2-hydroxypyridine, 
(0.075g. 0.8mmol), were mixed under nitrogen and heated to 160°C for 30minutes. 
During this time a dark melt formed. On cooling the melt to 120°C, excess Hhp was 
removed by sublimation in vacuo. The dark solid that remained was cooled to room 
temperature, dissolved in dichioromethane, (15cm 3) and filtered. The solution was 
concentrated to a few cm 3 and the product recrystallised by slow ether diffusion into 
this solution. Yield = 70mg. 
CHN: 	found %C = 40.4, %H = 3.8, %N = 9.0 
IR, cm- , 	1650.0s, 1605.6s, 1540.9s, 1231.9m, 1157.2m, 1096.9w, 1070.7w, 
996.7m, 839.9s (PF6), 775.9s, 700.2w, 668.1w, 558.5s (PF6) 
FAB-MS, 	Pattern of weak signals 
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6.24 Reaction of Cobalt(fl)Acetate With Lanthanum(HI)Nitrate In Pyridine 
And Acetic Acid 
Cobalt(II)acetate tetrahydrate, (0.25g, immol), and pyridine, (0.16g, 2mmol) 
were dissolved in warm glacial acetic acid, (15cm 3), to which lanthanum(HI)nitrate, 
(0.43g, immol), in glacial acetic acid, (5cm 3), was added. The mixture was brought 
to reflux for 4hours over which time the solution became dark purple. The solvent 
volume was reduced and the solution left to stand at 5°C for 18hours. The red 
precipitate that formed was collected by filtration and washed with diethylether, (2 x 
2cm3) and dried in vacuo. Yield = 0.19g. 
CHN: found %C = 15.8, %H = 3.4, %N = 8.68 
FAB-MS, 	A complex pattern of signals 
W, cm- , 	1606.7m, 1522.1s, 1300.7s, 1197.8w, 1050.4w, 1031.9w, 1014.0m, 
819.9m, 753.6m, 669.7m, 666.8m, 638.3m, 606.8m, 489.2w 
6.25 Reaction of Cobalt(H)Acetate With Lanthanum(M)Nitrate In 
Qmnoline And Acetic Acid 
The reaction in 6.20 was repeated, except the pyridine was replaced with 
quinoline, (0.139g, immol). Yield = 0.152g 
CHN: 	found %C = 26.9, %H = 3.4, %N = 1.9 
IR, cm- 1, 	3480.8s, 2359.8w, 2345.1w, 2116.0m, 1635.8s, 1553.5s, 1458.1s, 
1044.4m, 1017.3m, 1017.3m, 943.1w 
6.26 Reaction of Cobalt(H)Acetate And Lanthanum(Ill)Acetate In quinoline 
And Ethanol 
Cobalt(H)acetate tetrahydrate, (0.125g. 0.5mmol), and lanthanum(llI)acetate 
hydrate, (0.433g, immol), were added to ethanol, (25cm 3), and stirred until all the 
cobalt salt had dissolved. To the solution was added quinoline, (0. 129g,lmmol), and 
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the mixture brought to reflux for 4hours. After this time the heat was removed and to 
the solution was added ammonium hexafluorophosphate, (0.163g. immol), and 
stirred for ihour. The solution was filtered giving a pink solid. The solid was washed 
with diethylether and dried in vacuo. 
CHN: 	found %C = 22.3, %H = 3.28, %N = 0.3 
IR, cm- , 	3358.2m (broad), 1600.0s, 1534.4s, 1407.0s, 1161.1w, 
105 1.5m, 1032.1m, 1015.6m, 952.4w, 663.9s, 639.1m 
FAB-MS, 	Complex pattern of weak signals. 
6.27 Attempted Reaction of CO2(PhC00)4(quin)2 And Lanthanum(HI) 
Chloride 
CO2(PhCOO)4(quin)2 was prepared in situ by the literature method 109, in 
which cobalt(II)carbonate, (0.60g, 5mmol), was refluxed with benzoic acid, (1.22g, 
lOmmol) in ethanol, (30cm 3), for 6hours. The mixture was filtered while still hot and 
refluxed for a further hour after the addition of quinoline, (0.645g, Smmol). The 
solution was allowed to cool and centrifuged for 30minutes at 3000r.p.m. to remove 
any unreacted carbonate. 
The pink solution that remained was brought to reflux and anhydrous 
lanthanum chloride, (0.25g, immol), was added. After a period of one hour the heat 
was removed and the mixture allowed to cool. A white solid settled out and the 
solution remained unchanged. The solution was filtered to remove the white solid 
and the ethanol from the filtrate removed under a reduced pressure, leaving a dark 
red viscous solution of quinoline. This was left to stand for several weeks but no 
solid formed nor could be extracted. 
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6.28 Attempted Reaction of CO2(CH3CH=CHCOO)4(qwn)2 And 
Lanthanum(M)Acetate 
A solution of CO2(CH3CH=CHCOO)4(quin)2 was prepared in a similar 
manner to that of CO2(PhCOO)4(quin)2 in 6.26, except that crotonic acid, (0.72g, 
lOmmol), was used in place of the benzoic acid. The solution was brought to reflux 
and lanthanum acetate, (0.316g, immol), was added. The mixture was refluxed for a 
further hour after which time the heat was removed. On cooling to room temperature 
the solution was filtered to remove the unreacted lanthanum acetate leaving a pink 
solution. The volume of the solvent was reduced until a dark red viscous solution 
remained. This was left to stand for several weeks but no solid precipitated nor could 
be extracted. 
6.29 Reaction of Co(mhp)2(phen) With Anhydrous Lanthnum(ffl)Chloride 
Lanthanum(RI)Chloride hexahydrate, (2g, 5.5mmol), was dehydrated by 
refluxing in thionylchloride, (30cm 3), for 3hours under a nitrogen atmosphere. The 
solid was collected by filtration and stirred in dry dichioromethane, (5cm 3), for 
ihour to remove any residual sulphur dioxide and hydrochloric acid. The 
dichioromethane was removed under reduced pressure. 
Under an atmosphere of nitrogen Co(mhp)2(phen), 2, (50mg, 0.1mmol), was 
dissolved in dry dichioromethane, (20cm 3), to which was slowly added anhydrous 
lanthanum(III)chloride, (25mg, 0.2mmol). The mixture was allowed to stir and the 
colour of the solution turned from orange to dark purple over a period of an hour. 
On leaving to stir for a further 2hours the colour of the solution had turned blue. The 
solid was allowed to settle and the blue solution filtered. The solvent was removed 
under reduced pressure leaving a dark blue solid. 
CHN: 	found %C = 34.0, %H = 3.8, %N = 5.9 
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IR, cm, 	1647.1s, 1611.9s, 1554.4m, 1260.4m, 1165.0s, 1027.9m, 845.7m, 
800.3w, 57 1.8w 
FAB-MS, 	A complex pattern of signals 
6.30 Reaction of Co(mhp)2(phen) With Anhydrous Yttrium(Ill)Chloride 
Yttrium(llI)Chloride hydrate, (3g, lOmmol), was dehydrated in a similar 
manner to that described for lanthanum(RI)chloride in 6.28 using thionyl chloride. 
Into dry dichioromethane, (10cm 3), was dissolved 2, (70mg, OASmmol), forming Wan 
 solution. The solution was stirred under an atmosphere of nitrogen and 
anhydrous yttrium(ffl)chlonde, (60mg, 0.3mmol) was slowly added. Over a period 
of lhr the solution turned to a dark purple colour which gradually became blue over 
a subsequent time with some fine precipitate. The solution was filtered to remove the 
solid and the dichioromethane removed under a reduced pressure leaving a blue 
solid. The solid was dissolved in nitromethane, (5cm 3), giving a green/blue solution 
and again filtered. The solvent was removed leaving a green solid. Yield = 42mg. 
CHN: 	found %C = 36.0, %H = 3.4, %N = 5.4 
IR, cm- 	1611.9s, 1554.4m, 1260.4s, 1165.0s, 1027.9m, 845.7m, 
800.3w, 571.8w 
FAB-MS, 	A complex pattern of signals. 
6.31 Reaction of 3 With Anhydrous Lanthanum(HI)Chloride 
The reaction of 6.28 was repeated using 1, (50mg, 0.2mmol), in place of 2, 
to which was added anhydrous yttrium(M)chloride, (80mg, 0.4mmol). The purple 
solution slowly turned blue with some precipitate. The solution was filtered and the 
solvent removed under a reduced pressure leaving a dark blue solid. 
CHN: 	%C = 43.3, %H = 5.5, %N = 7.6 
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IR, cm- 1 , 	2361.3m, 1647.4ms, 1612.4s, 1551.1m, 1274.3w, 1211.8w, 
1164.2m, 1036.2w, 1000.4w, 970.4w, 799.3m 
FAB-MS: 	A complex pattern of signals 
6.32 Reaction of 3 With Anhydrous Yttrium(Ill)Chloride 
The reaction of 6.30 was repeated using anhydrous lanthanum(III)chloride, 
(100mg, 0.4mmol), in place of the yttrium(HI)chloride. The purple solution turned 
hi.1 a n Tar ni a on ii 1 TOO f-itara,1 tg- ran, nw Ta n on, nil nfl, a,,., 4- aC 	 a ..,.,. ...- 4-,-. i- 	 'T'L 
.J.i..' ..J V 	 LLLLIT.' &L1i.4 VV U LJil.L'..%4 I.'J L%..LLL'.J V 	.)IIW.Li I11iJUI1 UI iIUL jJIL.IplI.4L. i11 
solvent was removed under a reduced pressure leaving a dark blue solid. 
CHN: 	%C = 38.2, %H = 4.8, %N = 7.2 
IR,cm4 , 	3455.2s,br, 1617.4s, 1611.4s, 1560.1m, 1546.1m, 1265.5w, 
1213.6w, 1035.8m, 1022.4w, 995.3w, 746.5m 
FAB-MS: 	A complex pattern of signals 
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Appendix 
A.1.1 Synthesis & Structure of Co(phen)2C12.CH2Cl2.H20 
Attempts to recrystallise Co(chp)2(phen) from solutions of CH2Cl2 resulted 
in the formation of the bis-phenanthroline complex of the above stoichiometry. The 
crystal structure of the molecule is shown in Figure A. 1.1 and crystallographic 
information listed in Table A. 1.1. Atomic co-ordinates are listed in Table A. 1.2 and 
selected bond lengths and angles in Table A. 1.3. The structure was solved using the 
Heavy Atom method using SHELK-86 171 and refined using SHELXL-93 172. All non-
H atoms were refined anisotropically except Cl(21), in a CH202 solvent molecule 
and 0(11) in solvent water. All the solvent was severly disorded about special 
positions and the occupancies of all the solvent molecules were refined to c. 0.25 and 
were consequently fixed at 0.25. The geometry of the CH2C12 solvent molecules 
was restrained with a C-Cl bond length of 1.80(2)A and a Cl-C-CI angle of 
109.0(5)°. 
Figure A.1.1: Crystal Structure Of Co(phen)2C12 
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Table A.1.1 Crystal data and structure refinement for 
Co(phen)2C12.CH2Cl2.H20 
Empirical formula C25 H19 C14 Co N4 0 
Formula weight 592.17 
Temperature 150(2) K 
Radiation Wavelength 0.71073 A, Mo K-a 
Crystal system Orthorhombic 
Space group Fddd 
Unit cell dimensions a= 12.838(3)A 	a= 900 
b = 28.731(10)A 13 = 900 
c = 30.796(9)A 	y = 90° 
Unit Cell Volume 11359(6) A3 
Z 16 
Density (calculated) 1.385 g/cm 3 
Absorption coefficient 1.005 mm 
F(000) 4800 
Crystal size 0.97 x 0.62 x 0.43 mm3 
e range for data collection 2.65 to 22.520  
Index ranges 0<=h<=13, 0<=k<=30, 0<=l<=33 
Reflections collected 1882 
Independent reflections 1864 [R(int) = 0.0104] 
Refinement method Full-matrix least-squares on F 2 
Data / restraints / parameters 1856 / 18 /190 
Goodness-of-fit on F2 1.137 
Final R indices [1>2a(I)] Ri = 0.0841, wR2 = 0.2352 
R indices (all data) Ri = 0.0926, wR2 = 0.2626 
Largest cliff, peak and hole 0.991 and -0.433 e. A" 3 
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The geometry around the cobalt centre is distorted from octahedral by virtue 
of the two phenanthroline ligands, which have narrow bite angles, making the N-Co-
N angles less than ideal at 77.6(2)°. The other cis- angles are unremarkable varying 
from 85.5(3)° to 95.6(1)°, the highest being the CI-Co-Cl angle. The trans- angles 
are only slightly less than ideal at an average 169.3(2)°. 
The molecular packing in the crystal is shown in Figure A. 1.2 and consists of 
a complex network of hydrogen bonding involving the Co(phen)2Cl2 and the solvent 
dichlorornethane and water molecules. 
Figure A.1.2: Molecular Packing & H-Bonding In Co(phen)2C12.CH2C12.H20 
The chloride ligands on Co(phen)2Cl2 are involved in H-bonds to a 
hydrogen on an adjacent CH202 molecule at about 2.7A and with the hydrogen in 
the 3-position on a phen ligand in a neighbouring Co(phen)2C12 molecule at about 
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2.4A. The other hydrogen of the CH202 is also involved in H-bonding, but with a 
water molecule at a range of about 2.5A and one of the chlorines in this solvent 
molecule is also interacting with the same water molecule at a slightly longer distance 
of 3. IA. This water molecule is also H-bonded to a second water molecule which in 
turn is H-bonded to another which is H-bonded to a chlorine in a CH2C12 solvent 
molecule. The second chlorine of the solvent is also involved in H-bonding with a 
hydrogen in the 5-position on a phen ring of an adjacent Co(phen)2C12 molecule. 
This interaction is quite long at about 2.9A. 
Table A.1.2. Atomic coordinates (x 10) and equivalent isotropic displacement 
parameters (A2 x 10) for Co(phen)2C12.CH2C12.H20. 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
x 	y 	z 	U(eq) 	 x 	y 	z 	U(eq) 
Co(1) 3750 3750 1983(1) 35(1)  1348(7) 3812(3) 1825(3) 47(2) 
C1(1) 3974(2) 3136(1) 1457(1) 51(1) N(12) 2118(5) 3635(2) 2058(2) 38(2) 
N(1) 3697(5) 3236(2) 2502(2) 44(2) C(13) 1844(6) 3326(3) 2376(2) 41(2) 
C(2) 4458(8) 3041(3) 2709(3) 55(2) C(14) 2681(7) 3110(3) 2614(2) 45(2) 
 4266(9) 2694(3) 3040(3) 61(3) C(2S) 7000(26) 3125(11) 3420(7) 65(10) 
 3302(8) 2583(3) 3153(3) 55(2) C1(21) 7317(9) 3018(4) 2859(4) 49(3) 
 2453(7) 2787(3) 2944(2) 50(2) C1(22) 6031(9) 3575(4) 3490(3) 77(3) 
 1398(8) 2684(3) 3035(3) 61(3) C(3S) 7575(17) 2770(9) 3478(7) 37(7) 
 596(8) 2881(3) 2813(3) 59(2) CI(31) 8706(6) 2430(3) 3606(2) 46(2) 
 820(8) 3206(3) 2468(3) 54(2) C1(32) 7642(9) 3033(5) 2957(3) 72(4) 
 39(7) 3406(3) 2215(3) 59(2) 0(10) 5862(25) 1250 1250 	117(15) 
 305(7) 3702(3) 1893(3) 55(2) 0(11) 8265(16) 3594(7) 3391(6) 43(5) 
Table A.13. Selected bond lengths [A] and angles [O]  for Co(phen)2C12. 
Co(l)-N(12) 2.134(7) N(12)-Co(l)-N(1)#1 193.2(2) 
Co(l)-N(l) 2.178(6) N(12)#1-Co(1)-N(1) 93.2(2) 
Co(1)-Cl(1) 2.411(2) N(1 )#1-Co(1)-N(1) 85.5(3) 
N(1)-C(2) 1.295(10) N(12)#1-Co(1)-Cl(1) 93.9(2) 
N(1)-C(14) 1.396(11) N(12)-Co(l)-CI(l) 94.4(2) 
C(1 1)-N(12) 1.321(10) N(1)#1-Co(1)-Cl(1) 170.1(2) 
N(12)-C(13) 1.370(10) N(1)-Co(1)-Cl(1) 90.1(2) 
C(2)-N(1)-Co(1) 129.2(7) 
N(12)#1-Co(1)-N(12) 167.6(3) C(14)-N(1)-Co(1) 112.7(5) 
Symmetry transformations used to generate equivalent atoms: #1 -x+3/4, -y+3/4, z 
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Figure A. 1.3 shows the view of the packing looking down the a-axis of the 
crystal. It can be seen that the phen rings are arranged to stack over one another, in a 
graphitic-type interaction, with a distance of about 4A between the ring planes and 
consequently form channels made of the phen rings, with the solvent molecules 
located in these channels. 
., I IN 	K 	Z O L 	in 	- 
I 
I- !" 
Figure A.1.3: View Down The a-axis Showing 
The Channels Formed By The Phen Rings 
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A.2.1 Synthesis & Structure Of cis-Co(4,4'-Me2-bipy)2(OAc)2.2CH2C12 
In Section 2.8, the synthesis of the complex Co(chp)(4,4'-Me2-bipy) was 
reported. Attempts to recrystallise this complex gave single crystals suitable for X-
ray studies which were found to be of the above stoichiometry. The structure was 
solved by the Heavy Atom method using SHELX-86 171 and refined using SHELXL-
93172 All non-H atoms were refined anisotropically except the two carbon atoms of 
the acetate group, (C(1A) and C(2A)), which remained isotropic. 
The crystal structure of the molecule is shown in Figure A.2.1 with 
crystallographic information listed in Table A.2.1. Atomic co-ordinates are listed in 
Table A.2.2 and selected bond lengths and angles in Table A.2.3. 
Figure A.2.1: Crystal Structure Of Co(OAc)2(4,4'-bipy) 
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Table A.2.1. Crystal data and structure refinement for cis-Co(4,4'-Me2-
bipy)2(OAc)2.2CH2C112. 
Empirical formula C30 H34 C14 Co N4 04 
Formula weight 715.34 
Temperature 150(2) K 
Radiation Wavelength 0.71073A, Mo K-a 
Crystal system Monoclinic 
Space group C2/c 
Unit cell dimensions a = 17.504(12) A 	a = 900 
b = 13.385(11) A 	0=120.88(5)0 
c = 15.340(10) A1 = 900 
Unit Cell Volume 3085(4)A3  
Z 4 
Density (calculated) 1.540 g/cm 3 
Absorption coefficient 0.946 mm-1 
F(000) 1476 
Crystal size 0.50 x 0.40 x 0.20 mm3 
e range for data collection 2.71 to 22.520 
Index ranges -18<=h<=16, 0<=k<=14, 0<=l<=16 
Reflections collected 2017 
Independent reflections 2017 [R(int) = 0.0000] 
Refinement method Full-matrix least-squares on F 2 
Data / restraints / parameters 2011 / 12/ 223 
Goodness-of-fit on F2 1.042 
Final R indices [1>2a(I)] RI = 0.0746, wR2 = 0.2052 
R indices (all data) Ri = 0.0821, wR2 = 0.2185 
Extinction coefficient 0.0004(6) 
Largest diff. peak and hole 1.025 and -1.109 e.A 3 
201 
Table A.2.2. Atomic coordinates (x 10) and equivalent isotropic displacement 
parameters (A2  x 10) for Co(OAc)2(4,4'-Me2-bipy)2.2CH2C12 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
X y z U(eq) x y z U(eq) 
Co(1) 0 414(1) 2500 15(1) C(9B) 	-1124(4) -2136(5) 3891(5) 23(2) 
 -533(3) -712(4) 3028(4) 18(1) C(10B) -1428(5) -2902(5) 4368(6) 34(2) 
 999(3) 237(4) 4050(4) 19(1) C(11B) -1633(4) -1879(5) 2868(5) 26(2) 
C(IB) 1776(4) 728(5) 4523(5) 26(2) C(12B) -1318(4) -1180(5) 2479(5) 25(2) 
C(2B) 241 3(4) 577(5) 5528(5) 24(2) O(IA) 	683(3) 1429(3) 2085(3) 25(1) 
C(3B) 2253(4) -104(5) 6088(5) 23(2) O(2A) 	986(3) 2643(4) 3158(4) 36(1) 
C(4B) 2926(5) 305(5) 7183(5) 35(2) C(1A) 	1062(4) 2868(4) 1817(4) 10(1) 
C(5B) 1453(4) -619(5) 5603(5) 21(1) C(2A) 	907(3) 2341(4) 2353(4) 11(1) 
C(6B) 836(4) -425(4) 4585(4) 16(1) C1(1) 	1632(2) 6846(2) 4812(2) 76(1) 
C(7B) -30(4) -966(4) 401 8(4) 17(1) C1(2) 309(2) 5252(3) 3945(2) 84(1) 
C(8B) -307(4) -1661(5) 4460(5) 21(1) C(1S) 	1039(8) 5931(9) 5023(8) 65(3) 
Table A.2.3. Bond lengths [A] and angles [O]  for 
Co(0Ac)2(4,4-Me2-bipy)2. 2CH2C12 
Co(l)-O(IA)#1 2.112(4) O(1A)#l-Co(l)-N(2)#1 98.1(2) 
Co(l)-0(1A) 2.112(4) 0(1A)-Co(1 )-N(2)#1 90.1(2) 
Co(l)-N(2) 2.121(5) O(1A)#1-Co(1)-N(1) 85.1(2) 
Co(1)-N(2)#1 2.121(5) 0(1A)-Co(1)-N(1) 172.7(2) 
Co(l)-N(l) 2.140(5) N(2)-Co(l)-N(l) 76.4(2) 
Co(1)-N(1)#1 2.140(5) N(2)#l-Co(l)-N(l) 94.4(2) 
N(2)-C(1B) 1.341(8) O(IA)#I-Co(l)-N(1)#1 172.7(2) 
0(1 A)-C(2A) 1.284(7) 0(1A)-Co(1 )-N(1 )#1 85.1(2) 
0(2A)-C(2A) 1.238(7) N(2)-Co(1)-N(1)#1 94.4(2) 
Cl( 1)-C(1 S) 1.739(11) N(2)#l-Co(l)-N(1)#1 76.4(2) 
C1(2)-C(1S) 1.739(11) N(1 )-Co(1)-N(1)#1 90.4(3) 
C(12B)-N(1)-Co(1) 126.6(4) 
0(1A)#1-Co(1)-0(1A) 100.0(2) C(1B)-N(2)-Co(1) 125.1(4) 
O(IA)#l-Co(l)-N(2) 90.1(2) C(2A)-0(1A)-Co(1) 129.9(4) 
0(1A)-Co(1)-N(2) 98.1(2) C1(2)-C(1S)-C1(1) 114.1(6) 
Symmetry transformations used to generate equivalent atoms: #1 -x,y,-z+1/2 
The acetate ligands are both monodentate and are arranged cis-, which was 
unexpected, as the trans- arrangement would be less sterically crowded with the 
acetate ligands above and below a plane containing the cobalt and the two 4,4'-Me2- 
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bipy ligands. The geometry around the cobalt is distorted octahedral because of the 
presence of the 4,4'-Me2-bipy ligands which have a narrow bite angle of 76.4(2) 1 . 
The two acetates are seperated by an angle of 100.0(2)°, this is probably due to some 
steric interaction between the two methyl groups of the acetates. The other cis-
angles vary slightly from ideal, ranging from 85.1(2)' up to 98.1(2)' and the trans-
angles average 170.8(2)°. 
The molecular packing of Co(4,4'-Me2-bipy)2(OAc)2.2CH2C12 is shown in 
Figure A.2.2. 
Figure A.2.2: Molecular Packing In 
Co(4,4'-Me2-bipy)2(OAc)2. 2CH2C12 
The diagram shows the presence of intermolecular hydrogen bonding 
between the complex molecules and the solvent molecules. Both acetates are 
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involved in the H-bonding, with the unco-ordinated oxygen of one acetate interacting 
with the hydrogen in the 5-position on a 4,4'-Me2-bipy ligand of an adjacent 
molecule. The O ...H distance is approximately 2.5A. The other acetate is H-
bonded to a chlorine on a CH202 solvent molecule through a hydrogen on the 
methyl of the acetate ligand. This H• . •Cl interaction is longer at approximately 2.9A. 
The oxygens of both acetates co-ordinated to the cobalt centre also 
participate in H-bonding to the hydrogen in the 3-position on a 4,4'-Me2-bipy of a 
neighbouring molecule. The O H distance is approximately 2.6A, similar to the 
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